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The objective of monitoring the four existing Mt. Simon-Hinckley Aquifer municipai drinking water 
weiis and any new Mt. Simon-Hinckley Aquifer municipal drinking water weils installed within one 
mile of well W23, and analyzing for PAH, is to assure the continued protection of these weils 
from PAH resulting from activities of Reiliy at the Site. The analytical data will be used to make 
comparisons between the levels of PAH found in the Mt. Simon-Hinckley Aquifer, and the 
drinking water criteria established in the Consent Decree-RAP. 

If any new Ironton-Galesville Aquifer drinking water wells are installed within one mile of well W23, 
then those wells will be sampled and analyzed for PAH to meet the objective of assuring 
protection of the wells from PAH resulting from the activities of Reiliy at the Site. The analytical 
data will be used to compare the levels of PAH found in potential Ironton-Galesville Aquifer 
drinking water wells to the drinking water criteria established in the Consent Decree-RAP. 

The objectives of monitoring the many Prairie du Chien-Jordan Aquifer wells, including municipal 
drinking weiis, private or industrial wells, and monitoring wells are to: 1) monitor the distribution 
of PAH in the aquifer, thus evaluating the source and gradient control systems, and 2) assure 
the continued protection of drinking water wells from PAH resulting from the activities of Reiliy 
at the Site. The analytical data will be used to compare the levels of PAH in the Prairie du Chien-
Jordan Aquifer to historical PAH data and to various criteria established in the Consent Decree-
RAP (e.g., drinking water criteria for drinking water weiis, and a cessation criterion of 10 
micrograms per liter of total PAH for source control well W23). Water level data will be used to 
evaluate ground water flow patterns in the Prairie du Chien-Jordan Aquifer. 

The objectives of monitoring St. Peter Aquifer weiis are to: 1) monitor the distribution of PAH 
in the aquifer, thus evaluating a gradient control system installed at W410 in 1990, and 2) assure 
the continued protection of drinking water wells from PAH resulting from the activities of Reiliy 
at the Site. The analytical data will be used to compare the levels of PAH in the St. Peter Aquifer 
to historical PAH data, to drinking water cessation criteria for weil W410, and to drinking water 
criteria estabiished in the Consent Decree-RAP. Water levei data will be used to evaluate ground 
water patterns in the St. Peter Aquifer. 

The objective of monitoring the Drift-Plattevilie Aquifer weiis is to monitor the distribution of PAH 
and phenolics in the aquifer, thus evaluating the source and gradient control systems. Ground 
water analytical data will be used to compare levels of PAH and phenolics in the Drift-Platteviiie 
Aquifer with historical water quality data for the aquifer and with various criteria established in the 
Consent Decree-RAP for PAH and phenolics. Water level data will be used to evaluate ground 
water flow patterns in the Drift-Platteviile Aquifer. 

The Site Management Plan (Plan) outlines the scope of work to be performed in order to monitor 
the ground water in the St. Louis Park, Minnesota, area in accordance with the Consent Decree-
RAP related to the Reiliy N.P.L. Site. Included in this Plan are: 1) the identity of wells to be 
monitored, 2) the schedule for ground water monitoring, and 3) a description of the procedures 
that will be used for sample collection, water levei measurement, sample handling, sample 
analysis, and reporting. Although a GAC treatment system has been constructed to treat water 
from weiis W23, W105, and the Drift-Platteviiie Aquifer source control weiis prior to its discharge 
to surface water receivers, monitoring of the effluent is not within the scope of work to be 
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performed under this Plan, as the activity Is not embodied In the Consent Decree-RAP. Similarly, 
a GAG treatment system has been constructed to treat water from well SLP4 prior to discharge 
to the municipal water supply system; however, monitoring of the effluent Is not within the scope 
of work to be performed under this Plan, as the activity Is not embodied In the Consent Decree-
RAP. 

The time period covered by this Plan Is from January 1,1996, or the date of Its acceptance and 
approval by the Agencies whichever Is later, to December 31, 1996. The next subsequent 
Sampling Plan (RAP Section 3.3) will be submitted by October 31, 1996 covering the 1997 
calendar year. 

This Plan Incorporates the requirements of RAP Sections 3.2,3.3,4.3,5.1,7.3,8.1.3,9.1.3,9.2.3, 
9.3.3, and 9.6. Some of the monitoring required under these RAP Sections has already taken 
place In accordance with previous Sampling Plans. 
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MONITORING SCHEDULE 

The monitoring scheduie outiined in this Plan indicates the starting criteria and the frequencies 
of monitoring as outiined in the RAP to determine when the GAG treatment system and welis are 
monitored (Tables 1 and 2). In general, the monitoring schedule will allow economies of scale 
in the field and in the laboratory by grouping the various monitoring events described by the RAP 
as much as possible. Samples will be collected within the time periods indicated on Tables 1 
and 2, and all parties will be given at least 48 hours notice in advance of routine sampling. 

Tables 1 and 2 summarize the GAG system/ground water monitoring schedule for the period 
through December 1995, and represent the minimum monitoring program that is likely to occur 
during the year. However, additional monitoring will take place if treated water from the GAG 
treatment system or ground water from active municipal drinking water weiis exceeds the 
drinking water criteria established in the Gonsent Decree-RAP. This additional monitoring is 
described in Sections 4 and 12 of the RAP, and are reproduced in Appendix A of this Plan. 

The duration of field sampling events will depend on the number and type of welis to be 
monitored. For estimating purposes, Drift and Piatteville Aquifer monitoring wells typically are 
monitored at a rate of ten weiis per day, St. Peter Aquifer monitoring wells typically are 
monitored at a rate of five wells per day, and Prairie du Ghien Aquifer monitoring wells typically 
require two to four hours or more per well to monitor. 

r\ensr\162(H)13\r8.smp 



Oct. 1995 

TABLE 1 

Sampling Plan GAG Treatment System Monitoring Schedule' 

RAP Section Sampling Points Start of Monitoring 
Sampling Frequency 

Analyses" 

4.3.1(C) Treated water 
(TRTD) 

Date of plan 
approval 

Quarterly PAH(ppt)® 

4.3.3(D) Feed water (FEED) Date of plan 
approval 

Annually PAH(ppt) 

4.3.4 Treated water Date of plan 
approval 

Annually Extended PAH(ppt) 

4.3.4 Treated or Feed 
water 

Date of plan 
approval 

Annually Add fraction 
compounds in EPA 
Test Method 625 

m Ttiis scnMuio-aow not uiciuao cwntn cominsoncm tv-9" flNBooHiicv monnonngi vnoi iramorei, repfBionn IM 
mlnlmiini piagim Uiat Is ilkdy la occurbstwaen the doleIMsPlan Is approved and Oeoemberai, 1996. SecUoned 
and 12 of the RAP 4Mililne the addHfonal inonKoilng that will be condoded If PAH ctlisria are aweedad. The mat 
samples vrill be eeliected during the period Indicated by the monlioring frequency follafring the dated the start of 

b UslB of panunsters and mettiods for analysis of PAH, extended PAH, and add ffacttmeoihpounds In EPA TesMlelhod 
62Saro provided In the QAPP. Field blania vrill be collected and analyxBd at s frequency of ofw every ten samples or 
fewer. Treated water Vrill be duplicated at a rate of 100 peicenL Feed water duplleale eamplea wU becoOectad and 
arwlyxed tf a frequency of one per ten samples. 

c ppl B parts pertrilllort. lliie algnlfiee analysis using selaetad ion monitoring gas chromafograpiiy mass spectromaliy. 
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TABLE 2 

Sampling Plan Ground Water Monitoring Schedule* 

Source of Water RAP Section Sampling'' Polnta Start of Monhoring Sampling Frequency Analyses* 

Mt. Simon-Hinckley Aquifer 5.1 SLP11, SLP12, SLP13, SLP 17 Date of plan approval Annually PAH(ppt)«' Mt. Simon-Hinckley Aquifer 

5.3.2 New municipal weils within one mile 
of well W23 

At the time of 
installation 

Annually PAH(ppt) 

ironton-Gaiesviiie Aquifer 6.2.1 New municipal wells within one mile 
ofwellW23 

At the time of 
installation 

Annually PAH(ppt) 

Prairie du Chien-Jordan 
Aquifer 

7.3(A) SLP4 Start of pumping Semi-annually PAH(ppt) 
phenollcs 

Prairie du Chien-Jordan 
Aquifer 

7.3(B) W23 Date of plan approval Semi-annually PAH(ppb)" 

Prairie du Chien-Jordan 
Aquifer 

7.3(C) SLP6, SLP7 or SLP9 Date of plan approval Annually PAH(ppt) 

Prairie du Chien-Jordan 
Aquifer 

7.3(D) W405 or W408', H3. SLP10 or SLP15. 
SLP14. SLPie, W402 W403. W119 

Date of plan approval Annually PAH(ppt) 

Prairie du Chien-Jordan 
Aquifer 

7.3(E) SLP5. H6, E3, MTKS, W29, W40, W70 Date of plan approval Annually PAH(ppt) 

Prairie du Chien-Jordan 
Aquifer 

7.3(F)0 W32. SLPS, SLPIO, E4 Date of plan approval Semi-annually No chemical 
analyses^ 

Prairie du Chien-Jordan 
Aquifer 

7.4.1" W48, W401, E2, E7, El 3, El 5 Date of plan approval Semi-annually PAH(ppt) 

St. Peter Aquifer 8.1.3' SLP3, W24. W33. W122, W129. W133. 
W408. W409, W410, W411, W412, 
P116 

Date of plan approval Semi-annually PAH(ppt) 
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TABLE 2 

Sampling Plan Ground Water Monitoring Schedule' 

Source of Water RAP Section Sampling^ Polnta Start of Monitoring Sampling Frequency Analyaea" 

Drift-Platteville Aquifer 9.1.3 and 9.2.3 W420, W421, W422, W439 Date of plan approval Quarterly PAH(ppb) and 
total phenols 

9.5 W1, WIS, W19, W20, W22. W27, 
W101, W120, W121, W124, W130, 
W131, W143. W424, W426. W420, 
W431, W432, W433. W434, W440' 

Date of plan approval Semi-annually PAH{ppt) 
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TABLE 2 

Sampling Plan Ground Water Monitoring Schedule" 

Source of Water RAP Section SBfnplIng" Polnta Start of Monitoring Sampling Frequency Anaiyaea'' 

This Bctiedule doee not Include certain contlnganolee (e^i. excaedanee mDnltortng) and, therefore, repteaenla the minimum pragmm that la likely to occur Imtween the date this 
Plan la approved and December 31,1998. aectlon 12 Of the RAP outllnee the additional eamptlng that will be conducted If the ditnMng water criterta are exceeded In aamples 
from water aupply wella. The fliet aamplee will tie collected during the period Indicated by the monitoring frequency following the date of the abut of monttorlng. Field blanka 
will be collected at a frequency of one for every ten aamplee or fewer, and one duplieete aampla will be collected for every ten eamplea. 

Sampling polnta are located on the mapa ahown In Flguiea 1 through s. Lattar preflxea to well codea are defined aa followe: 

W Mneh monitoring well 
P monitoring piezometer 
StP St. Louie Parte aUpply well 
E Edlna Bupply well 
H Hophlna aupply welt 
MTK Mlnnetonkaedpplywell 

Uata of parametere and deacilptlona of the tnathoda tat analyala of PAH, phenollea, and expanded analysea are provided In the OAPP, Water levela will be meaaured each time 
samples are collected for analyaee, except for those wells which prove to be Inaccessible for such measurements. 

ppt » parte per trillion. Thia atgnlfleC analyala uCIng aelecled Ion monHoitng gaa chromatogmphy mass spectrometry. 

ppb a parts per billion. This signifies analysis by the Non-CrfterIa Method, tf analytical results for Individual walla are below 20 micrograms per liter (20 ppb) using this 
method, then the Low-Level Method will tie Used on subsequent monhoilng rounds. 

W40S e American Hardware Mutual, W40e n MInlkahda Qolf Course. 

Water levels will be measured semi-annually at these wells, except for those wella which prove to be Inaccessible for such msasursmems. 

In accordance with the Qradlent Control Modification System, these wells are now sampled semi-annually as opposed to annually. 

Section 8.1.3 of the Consent Decrae-RAP originally specified St. Peter Aquifer monitoring requirements. Monitoring requirements for 1994, and subsequent years are now 
specified In the St. Peter Aquifer Record of Decision (ROD). 

These wells were requested to be sampled semi-annually In accordance with the ROD for the Northern Area of the Platlevllle Aquifer. However, three of the wells, W420, W421, 
and W422, are required to be sampled quarterly per Section 9.1,3 and 9.2.3 and win continue to be sampled quarterly and SIPS is already required to be sampled aeml-annually 
per Section a.U and will contlhue to tie sample quarterly. 
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GROUNDWATER SAMPUNG PROCEDURES 

An important distinction is made between the sampling procedures for active pumping wells (e.g. 
municipal wells) and for non-pumping monitoring wells. Active pumping wells are used on a 
regular basis, have dedicated pumps and associated plumbing, and have sample taps for 
collecting samples. Non-pumping monitoring wells may be new, or may have not been pumped 
for several years, and most require pumping and associated equipment for sampling. Another 
distinction is that the active pumping wells are typically located inside buildings whereas non-
pumping monitoring wells are not. 

With these considerations in mind, this Plan has been developed so that the ground water 
monitoring program in each aquifer meets the requirements and intent of the RAP. Ground water 
monitoring will be conducted in accordance with the procedures given in the Quality Assurance 
Project Plan (QAPP), and with 'Procedures for Ground Water Monitoring: Minnesota Pollution 
Control Agency Guidelines", April 1985. 

Water Level Measure 

Water level measurements will be made using electric tapes or weighted steel tapes. Water level 
measurements using steel tapes will be made by suspending a known length of tape in the well 
so that the bottom end of the tape is below the water level. The lower portion of tape will be 
coated with biue chalk that exhibits a noticeable color change when wetted. The water level 
measurement will be obtained by subtracting the length of wetted tape from the total length of 
tape suspended below the measuring point of each well. 

Using the electric tape, the probe at the end of the tape will be lowered slowly in the well until 
contact with the water is made. Because of surface tension, readings of the water level made 
when the probe enters the water will differ from readings made when the probe leaves the water, 
thus breaking surface tension. To standardize these measurements, the second reading will 
always be used (i.e. the reading made when the probe leaves the water). 

Water level measurement made for the purpose of defining ground water flow pattems in a 
particular aquifer may be performed independently from ground water sampling, as a discrete 
event so as not to last more than two days. The wells will be revisited for sampling, and 
measurements to determine the volume of water in the well will be made at that time. 

Sample Collection at Active Pumoino Wells 

At active pumping wells, the sampling team will first determine that the wells have actually been 
pumping during the period preceding sampling. This information may be derived from 
inspecting flow recorders or from intenriewing knowledgeable persons regarding the wells (water 
department employees, well owners, etc.). The information will be documented in the field notes 
of the sampling team. 
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Water level measurements will then be made, If practical. The normal operation of the well will 
not be interrupted for the purpose of measuring water levels. An electric tape will be used to 
measure water levels in pumping wells. Sampling will proceed by filling the required containers 
with water from the sampling tap as near to the well head as possible, and before any holding 
tanks or treatment is encountered. The oniy exception to this is the GAC treatment system 
monitoring under RAP Section 4.3 which includes treated water monitoring. 

If it cannot be determined that a well has been pumping at some time during the 24 hour period 
preceding sampling, or if it is known the well was not pumping, then the well shall be purged 
until field measurements of temperature, pH, and specific conductance have stabilized after at 
least three well volumes have been removed from the well. These measurements, water levels, 
and the amount of water pumped will be recorded in the field notes. 

Sample Collection at Monitoring Wells and Piezometers 

Because unanticipated or changed conditions may cause difficulty in the purging and sampling 
of the monitoring wells and piezometers, flexibility in the approach to sample retrieval is 
necessary. This Plan proposes that the sampling team be given latitude in the selection of 
purge/sample equipment and procedures necessary to compete the monitoring task. 

Table 2 specifies the monitoring of Prairie du Chien-Jordan Aquifer monitor well W70 which is 
equipped with an operable dedicated submersible pump. Well purging and sample retrieval 
tasks will be completed with the aid of the pump in conformance with parameter monitoring 
established herein. 

Monitoring wells and piezometers not equipped with dedicated submersible pumps will be 
purged using a nondedicated submersible pump, suction pump or bailer. During the purging 
of each well, temperature, pH, and specific conductance of the purge water will be monitored 
using a Hydrolab water quality monitor (or equivalent). Readings will be taken once per well 
volume. Stabilization of these readings will indicate that purging is complete and sampling may 
commence. Upon completion of well purging, samples will be collected from each well using 
a stainless steel or teflon bailer and a new length of nylon or polyester rope. 

Samples will be collected by filling each of the appropriate sample containers in rapid 
succession, without prerinsing the containers with sample. The bottle will be held under the 
sample stream without allowing the mouth of the bottle to come in contact with the bailer and 
filled completely, and the cap securely tightened. All sample labels will be checked for 
completeness, sample custody forms completed and a description of the sampling event 
recorded in the field notebook. 

The discharge from purging monitoring wells will be handled in accordance with the Contingency 
Plan (Appendix B). In general, if a visible sheen can be seen on the water surface, the discharge 
will be routed to the sanitary sewer. Otherwise, the storm sewer or surface water discharge will 
be used. Non-dedicated ground water sampling or monitoring equipment that comes in contact 
with the ground water will be decontaminated between uses, as described in the QAPP. 
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ANALYTICAL PROGRAM 

Tables 1 and 2 show the ground water monitoring summary as prescribed in the RAP. Indicated 
on the tables are the analyses required. Details of all analytical methodology can be found in 
the QAPP and its appendices. All analyses will be performed at the Rocky Mountain Analytical 
Laboratory's (RMAL) Arvada, Colorado, analytic facility. RMAL has agreed to provide a 
tumaround time of 30 working days from the receipt of samples to the submittal of analytical 
reports. The laboratory will notjfy the City if it cannot meet this turnaround time. 

Ground water monitoring will include two methods of PAH analyses depending upon the 
anticipated PAH concentration levels. Low-Level (nanograms per liter or part per trillion) PAH 
analyses will be performed utilizing selected ion monitoring (SIM) gas chromatography mass 
spectrometry (GC/MS). This method will be used to analyze samples from drinking water weiis 
and from other wells for which the RAP requires drinking water criteria to be enforced (e.g. St. 
Peter Aquifer monitoring wells). This method is designed to analyze samples containing up to 
600 nanograms per liter of an individual PAH. With dilution of the sample extract, the effective 
range of the method can be extended into the microgram per liter range. Specific details of this 
methodology can be found in Appendix B of the QAPP. 

Noncriteria level (micrograms per liter or part per billion) PAH analyses, using the Scanning 
GC/MS Method, will be performed on samples from wells that have historically contained 
elevated PAH concentrations (e.g. part per million levels in well W23), and on wells that are not 
subject to the RAP's requirements for meeting drinking water criteria (e.g. Drift-Platteville Aquifer 
monitoring wells). 

Two methods are required for PAH analyses because the Low-Level part per trillion SiM method 
is not appropriate for samples containing more than approximately 20 micrograms per liter of 
total PAH. Analysis of samples containing total PAH concentrations over 20 micrograms per 
liter, if performed with the Low-Level method, requires multiple dilutions and increases the risk 
of cross-contamination of the samples. This decreases the reliability of the data. Not only will 
multiple dilutions increase the variability of measurements, but critical quality control information 
(e.g., surrogate recoveries) is lost. Therefore, for samples containing greater than 20 
micrograms per liter of total PAH, the analytical method that will be used is Scanning GC/MS 
Method as described in the QAPP. 

The Scanning GC/MS Method analysis will be performed on 1-liter samples, and will have 
detection limits of 10 micrograms per liter. For wells that are tested with this Non-Criteria 
method, if the analytical results of historical monitoring indicate total PAH concentrations less 
than 20 micrograms per liter, the Low-Level method will be used to analyze samples in 1994. 
This procedure will allow an evaluation of long-term PAH concentrations around the frihge PAH 
contamination in the Drift-Piatteville Aquifer. 

Depending on the circumstances and the actual PAH level, previous analytical results using the 
Low-Level that exceed 20,000 nanograms per liter of total PAH will indicate a switch to the 
Scanning GC/MS Method for 1994 sampling rounds. 
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REPORTING 

The analytical reporting requirements of the Consent Decree and RAP are identified in Part K of 
the Consent Decree, and Sections 3.4, 4.3.5, 12.1.1, and 12.1.2 of the RAP. Park K requires 
Reilly to submit an annual progress report on March 15,1994. This report will contain analytical 
reports as specified in Section 5.0 of the OAPP for this Plan, all water level measurements and 
chemical analyses that have not been presented in previous reports, and interpretive maps and 
tables, as specified in RAP Section 3.4(B) and (C). Also, the effectiveness of the source and 
gradient control well systems in the Drift-Platteville and St. Peter Aquifers will be discussed in the 
annual report. 

The reporting requirement for each aquifer, and for the GAC treatment system, are described 
below. 

GAC Treatment System 

RAP Section 4.3.5 requires the City to submit an annual report that presents the results of all 
monitoring of the GAC treatment system. Analytical results for wellhead water, feed water, and 
treated water will be included in this report. The report will also describe briefly the operating 
performance of the GAC treatment system during the previous calendar year. The GAC 
treatment system annual reports are due each March 15. 

Mt. Simon-Hincklev Aquifer 

The monitoring data for the Mt. Simon-Hinckley Aquifer will be included in the annual report. In 
addition to the results of all water level measurements and chemical analyses, the report will 
contain a map showing each well sampled with the concentrations of Other PAH, Carcinogenic 
PAH, and the sum of benzo(a)pyrene and dlbenz(a,h) anthracene labelled by the location of each 
well in accordance with RAP Section 3.4(C). Since the Mt. Simon-Hlnckley Aquifer wells are 
monitored on an annual basis, there will be only one sampling event to report. 

Ironton-Galesville Aquifer 

The monitoring data for the Ironton-Galesville Aquifer will be included in the Annual Report, if any 
new Ironton-Gailesvilie Aquifer drinking water welis are instailed within one mile of well W23. 

Prairie du Chien-Jordan Aouifer 

The monitoring data for the Prairie du Chien-Jordan Aquifer will be Included in the annual report. 
The results of all water level measurements and chemical analyses will be included. For each 
of the water level measuring periods, a water level contour map will be prepared with elevations 
labelled at each well. For each sampling event, a map showing each well sampled with the 
concentrations of Other PAH, Carcinogenic PAH, and the sum of benzo(a)pyrene and 
dibenz(a,h) anthracene labelled by the location of each well will be prepared in accordance with 
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RAP Section 3.4(C), and a map of the area Indicating the extent of PAH above drinking water 
criteria shall be provided. 

St. Peter Aouifer 

The monitoring data for the St. Peter Aquifer will be included in the annual report. The results 
of chemical analyses will be reported and a map showing each well sampled with the 
concentrations of Other PAH. Carcinogenic PAH, and the sum of benzo(a)pyrene and 
dibenz(a,h) anthracene labelled by the location of each well will be prepared in accordance with 
RAP Section 3.4(C). Likewise, the results of water level measurements will be provided and a 
water level contour map will be prepared with elevations labelled at each well in accordance with 
RAP Section 3.4(B). In addition, a map of the area indicating the extent of PAH above drinking 
water criteria shall be provided. 

Drift-Platteville Aquifer 

The monitoring data for the Orift-Piatteville Aquifer including the results of all water level 
measurements and chemical analyses, will be presented in the Annual Progress Report. A map 
showing each well sampled with the concentrations of Other PAH, Carcinogenic PAH, and the 
sum of benzo(a)pyrene and dibenz(a,h) anthracene labelled by the location of each well, and a 
map with phenolics concentrations labelled by the location of each well will be prepared in 
accordance with RAP Section 3.4. The Drift-Platteville Aquifer monitoring data will be included 
in the annual report to support a discussion of the resuits with respect to the effectiveness of the 
source and gradient control well systems. 
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APPENDIX A 

ADDITIONAL MONITORING REQUIREMENTS 



Level or Drinking Water Criterion is exceeded 

during the first year of operation of the systea, 

Reilly shall inunediately notify the Regional 

Administrator, the Director, and the 

Commissioner, and shall undertake such additional 

Monitoring as is required by Section 4.3.2. 

(D) Routine Monitoring after two carbon changes shall 

be quarterly, unless the Regional Administrator, 

the Director, and the Commissioner determine that 

the observed service life of the carbon is too 

short to permit this frequency, in which case the 

Regional Administrator, the Director and the 

Commissioner shall notify Reilly of the required 

Monitoring frequency in accordance with Part G or 

H of the Consent Decree. 

4.3.2. Carbon Replacement Monitoring 

(A) If the analytical results from any treated water 

sample obtained pursuant to Section 4.3.1. exceed 

the Drinking Water Criterion for Other PAH or 

exceed the Advisory Level for either Carcinogenic 

PAH or the sum of benzo(a)pyrene and 

dibenz(a,h}anthracene, then Reilly shall collect 

two additional treated water samples at least 2 

Days apart within one week of receiving the 

results of the exceedance sample. If the 
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analytical results from either one or both of tne 

two additional samples also exceed the Drinking 

Water Criterion for Other PAH or the Advisory 

Level for either Carcinogenic PAH or the sum of 

benzo(a}pyrene and dibenz(a,h)anthracene, and 

neither of the conditions specified in (C)(1) and 

(2) below are met, then the carbon shall be 

replaced within 21 Days of receiving the 

additional sample results. 

(B) If the analytical results from any treated water 

sample obtained pursuant to Section 4.3.1. exceed 

the Advisory Level for Other PAH, then Monitoring 

of treated water shall be conducted immediately 

according to Section 12.1. If the results of any 

two samples required by Section 12.1. exceed the 

Drinking Water Criterion for Other PAH, and 

neither of the conditions specified in (C)(1) and 

(2) below are met, then the carbon shall be 

replaced within 21 Days of receiving the 

additional sample results. 

(C) If any analytical result from the additional 

samples taken as required by (A) or (B) above 

exceeds the-Drinking Water Criterion for Other 

PAH, or the Advisory Level for either 

Carcinogenic FAfi or the sum of benzo(a)pyrene and 

dibenz(a,h)anthracene during either 
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(1) within one year after tne career, treatment 

system is placed into service or 

(2) within one year after r.Te first carton 

change if carbon was chanced in the first 

year of operation of the carbon treatment 

system, 

then Reilly shall conduct tae Monitoring program 

specified in Section 4.6. Reilly shall report 

the results of the Section 4.6. Monitoring 

program to the Regional Administrator, the 

Director and the Commissioner within 7 Days of 

receiving the analytical data. If the treated 

water from the carbon treatment system is 

determined pursuant to Section 4.6. to exceed the 

Drinking Hater Criterion for Other PAH or the 

Advisory Levels for Carcinogenic PAH or the sum 

of benzo(a}pyrene and dibenz(a,h)anthracene, then 

Reilly shall replace the carbon within 14 Days of 

making this determination. If the treated water 

is determined pursuant to Section 4.6. to meet 

the Drinking Hater Criterion for Other PAH and 

the Advisory Levels for Carcinogenic PAH and the 

sum of benzo(a}pyrene and dibenz(a,h}anthracehe, 

then normal GAC system operation and Monitoring 

in accordance with Sections 4.3.1.(8) and 
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(C) After the first nonth of operation, Monitorinc of 

feed water shall be performed quarterly until the 

carbon has been cnanged twice. If the Regional. 

Administrator, the Director and the Conunissioner 

determine pursuant to Section 4.3.1.(3} that the 

GAC system is not operating properly, Reilly may, 

upon receipt of such determination, be required 

to resume biweekly Monitoring of feed water. 

(D) After two carbon changes in the GAC system, feed 

water shall be Monitored annually. 

4.3.4. Extended Monitoring 

Treated water from the GAC system shall be sampled and 

analyzed annually for the extended list of PAH in Part A.2. of 

Appendix A, using gas chromatography/mass spectroscopy (GC/MS), 

or other methods approved by the Regional Administrator and the 

Director. During this extended analysis, any compounds listed 

in Part A.2. of Appendix A, or any other compounds which are 

detected with significant peak heights that are not routinely 

Monitored, shall be identified and, if possible, quantified, 

usiThg a mass spectral library which contains extensive spectra 

of PAH compounds, such as the National Bureau of Standards mass 

spectral library. Reilly shall analyze a sample of treated or 

feed water once a year for the acid fraction compounds 

determined by EPA Test Method 625 or by other methods approved 

by the Regional Administrator and the Director. 
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CONTINGENT ACTIONS FOR MUNICIPAL 
DRINKING WATER SUPPLY WELLS 

12-1- Continoent Monitorinc 

12.1.1. Exceedance of Advisory Levels 

If the analytical result of any sample taken from an 

active municipal drinking water well under the Monitoring 

requirements of Sections 3., 4.3., 5.1., 6.2.1., 7.3., or 6.4. 

above exceeds an Advisory Level, Reilly shall take another 

sample within seven Days of receiving the analytical results 

and analyze this sample. If the results of the second sample 

are below all of the Advisory Levels, a third sample shall be 

taken by Reilly within seven Days of receiving the results of 

the second sample. If the third sample is below all of the 

Advisory Levels, Monitoring of the affected well shall revert 

to its normal schedule. If the analytical result of the second 

or third sample exceeds an Advisory Level but is less than all. 

Drinking Water Criteria, the Regional Administrator, the 

Director, and the Commissioner shall be notified by Reilly 

immediately and subsequent samples shall be taken by Reilly 

monthly until such time as either: 

(A) three consecutive samples yield results less than 

all of the Advisory Levels, in which case the 

sampling interval shall revert to the level 

specified for the affected well in Sections 3., 

4.3., S.I., 6.2.1., 7.3., or 8.4. above; or 
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(B) a sample yields results greater than a Drinking 

Water Criterion, in which case the requirements 

of Section 12.1.2., below, apply. 

12.1.2. Exceedance of Drinking Water Criteria 

(A) If the analytical result of any sample taken from 

an active municipal drinking water well pursuant 

to Section 12.1.1 exceeds the Drinking Water 

Criterion for Carcinogenic PAH, the sum of 

benzo(a}pyrene and dibenz(a,h}anthracene, or 

Other PAH, the Regional Administrator, the 

Director and the Commissioner shall be 

immediately notified by Reilly, and another 

sample shall be taken by Reilly within three Days 

of receiving the results of the first sample and 

analyzed. If the analytical result of the second 

sample is less than all of the Drinking Water 

Criteria but greater than any Advisory Level, a 

third sample shall be taken by Reilly within 

seven Days of receiving the results of the second 

sample and analyzed. If the results of this . 

third sample are less than all of the Drinking 

Water Criteria, but greater than any Advisory 

Level, Reilly shall comply with the monthly 

sampling frequency specified in Section 12.1.1. 

above. 
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(B) If the analytical result of the second or third 

sample taken pursuant to Section 12.1.2.(A) above 

is greater than the Drinking Water Criterion for 

Carcinogenic PAH, the sum of benzo(a)pyrene and 

dibenz(a,h)ant:hracene, or Other PAH, Reilly shall 

Monitor the well weekly until such time as 

either: (1) three consecutive samples yield 

results below all of the Drinking Water Criteria, 

in which case Monitoring of the well shall revert 

to the normal schedule (including Advisory Level 

Monitoring as specified by Section 12.1.1. above 

if applicable); or, (2) three consecutive samples 

yield results above any Drinking Water Criterion, 

in which case Reilly shall immediately notify the 

Regional Administrator, the Director and the 

Commissioner. The Commissioner may then require 

the affected well to be taken out of service, in 

which case Reilly shall undertake the contingent 

actions specified in Section 12.2. below. 

12.1.3. Analytical Turn-around Time 

All Monitoring conducted pursuant to Section 12.1. 

shall be on a 21-Day turn-around time basis in accordance with 

Section 2.8. 
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CONTINGENCY PLAN 



Contingent Actions for Contaninated Uater 

It is possible that groundwater contaminated with coal tar materials will be 
encountered during the sample retrieval operations. Groundwater generated 
during sample retrieval operations will be classified as contaminated if the 
water exhibits a discernible oil sheen or oil phase. Contaminated water will 
be pumped to the sanitary sewer if It contains less than ten percent organic 
material. Estimates of flow rate, disposal volume and water quality will be 
established and the Metropolitan Uaste Control Commission (MUCC) will be 
informed before the discharge to the sanitary sewer if the estimated flow 
exceeds 150 gallons per workday from any individual site. Contaminated liquids 
containing more than ten percent organic material or failing to receive MWCC 
approval for discharge will be disposed of in accordance with all applicable 
local, state and federal rules and regulations and Part T of the Consent 
Decree. Uncontaminated water will be disposed of in the storm sewer or by 
other means acceptable to the City of St. Louis Park. 

The City will be responsible for keeping the Environmental Protection Agency, 
Minnesota Pollution Control Agency and Reilly Tar & Chemical Corporation 
informed of all significant actions involving the generation of contaminated 
groundwater. All actions, decisions and communications by the City, 
Environmental Protection Agency, Minnesota Pollution Control Agency, and Reilly 
in dealing with contaminated soils will be in accordance with and subject to 
the provisions of Parts I, J, and 0 of the Consent Decree in the Reilly 
settlement. 
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3.0 PROJECT DESCRIPTION 

3.1 Background 

Ground water in the City of St. Louis Park (City), Minnesota, has been found to contain 
poiynuclear aromatic hydrocarbons (PAH) and phenolics as a result of activities at a coal-tar 
distillation and wood preserving plant (Site) operated from 1917 to 1972. Numerous previous 
studies have identified PAHs in various aquifers beneath St. Louis Park and adjacent 
communities. Accordingly, the site of the plant operations was placed on the National Priorities 
Ust and the federal and state governments sought remediation of enwronmental contamination 
via United States District Court Case No. Civil 4-80-469. A more detailed explanation of site 
background is contained on Pages 3 through 9 of the Consent Decree. The City's consulting 
company is ENSR. ENSR works with the City to address issues concerning the Consent Decree 
- Remedial Action Plan (CD-RAP) which includes work plan development and implementation for 
various tasks, ground water sampling, and compliance to the CD-RAP. 

A summary of the aquifers which underlie the former wood presenring plant site, their 
approximate location below the surface level, the general use of the aquifers, and the relative 
maximum historical PAH and phenolics concentrations measured in each unit (as indicated by 
historical records and the federal government's Record of Decision in Case No. Civil 4-80-469) 
are as follows: 

Aquifer 

Drift-Platteville 

St. Peter 

Prairie du Chien-Jordan 

IrontorvGalesviile 

Mt. SimorvHinckley 

Approximate 
Depth (ft) 

0-90 

90 - 200 

250-500 

700 - 750 

Use 

Approximate Upper Concentration of 

Total PAHa PhenaBcs 

Private/Industrial/Monitor 1000 ng/t off site 10,000 ng/t off 
wells 

Municipal/Private drinking 10 ng/£ off site 
water wells 

Municipal drinking water 
wells 

Industrial 

800 -1100 Municipal drinking water 
wells 

site 

16 iig/t off site 

10 fjg/i off site 10 ng/t off site 

1.4 fig A on sito 5 fig A off site 

16 ngA off site Not detected 

More extensive information relative to the identified level of PAHs in the various aquifers is 
provided in the following reports: 
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• Annual Monitoring Reports for 1988 through 1994 

• St. Peter Aquifer Remedial Investigation Report (March 30,1989) 

• Drift-Platteviile Aquifer (Northern Area) Remedial Investigation Report (March 30, 
1989) 

The United States Environmental Protection Agency (EPA), the Minnesota Pollution Control 
Authority (MPCA), the Minnesota Department of Health (MDH), the City, and Reiily Industries, 
inc. (formeriy Reiiiy Tar & Chemical Corporation - Reiliy) have agreed to acceptable water quality 
criteria for PAH. These criteria, as incorporated into the CD- RAP, in the case referenced above, 
include the following concentration levels: 

Advisory Level Drinking Water Criteria 

Sum of benzo(a)pyrene and dibenz(a,h)anthraoene 3.0 ng/(* 5.6 ng/L 

Carcinogenic PAH 15 ng/c 28 ng/t 

Other PAH 175 ng/t 280 ng/t 

* orliie kmest nnoaittiMion titM can be quantUM, whlehemr ia gieatar 

Table 3-1 lists the nominal reporting limits for the target compounds listed in the CD-RAP. 
Currently, only Quanterra Environmental Senrices (QES) has conducted laboratory analyses of 
ground water samples. 

In conjunction with the implementation of remedial measures to limit the spread of contaminants, 
a granular activated carbon (GAC) treatment system has been installed to treat water from City 
wells (identified - SLP) 10 and 15. Further provisions of the RAP call for long-term monitoring 
of the influent and effluent of the GAC treatment system and the msyor aquifers underlying the 
region. The general objective of the monitoring program is to identify the distribution of PAH 
and/or phenolics in the ground water and compare the analytical data with water quality criteria 
established in the CD-RAP. Currently, both the City and ENSR are collecting the ground water 
samples. Typically, the City collects water samples from pumping wells (i.e. City owned wells) 
and ENSR collects water samples from non-pumping wells (i.e. monitoring wells). The specific 
objectives of the sampling and analysis program, and therefore, the intended end use of the data 
varies slightly for the different aquifers (Mt. Simon-Hinckiey, ironton-Galesviile, Prairie du Chien-
Jordan, St. Peter, and Drift-Piatteviiie) being monitored in accordance with the CD-RAP. 
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TABLE 3-1 
TABLE OF REPORTING LIMITS FOR TESTED PARAMETERS 

Reporting Limit Repcrcing Li 
CAS Nunmer Comoound no/L (PPT) ua/L (PPB) 

271-89-6 2.3-Benzofuran 5.1 10 
496-11-7 2,3-Oihydroindene 1.4 10 
95-13-6 IH-Indene 0.9 10 
91-20-3 Naphthalene 6.5 10 
4565-32-6 Benzo(b)thiophene 0.9 10 
91-22-5 Quinoline 1.4 10 
120-72-9 IH-Indole 2.5 10 
91-57-6 2-Methy1naphtha 1 ene 0.9 10 
90-12-0 1-Methy1naphthalene 1.6 10 
92-52-4 Biphenyl 4.3 10 
208-96-8 Acenaphthylene 1.4 10 
83-32-9 Acenaphthene 1.3 10 
132-64-9 Dibenzofuran 1.0 10 
86-73-7 Fluorene 1.0 10 
132-65-0 Oibenzothiophene 1.1 10 
85-01-8 Phenanthrene 1.3 10 
120-12-7 Anthracene 1.1 10 
260-94-6 Acridine 2.9 10 
86-74-8 Carbazole 1.9 10 
206-44-0 Fluoranthene 1.4 10 
129-00-0 Pyrene 1.4 10 
56-55-3 Benzo(a)anthracene 2.5 10 
218-01-9 Chrysene 2.8 10 
205-99-2 Benzo (b) f 1 uoranthene 2.5 10 
207-08-9 Benzo (k] f 1 uoranthene 2.3 10 
192-97-2 Benzo(e)pyrene 1.9 10 
50-32-8 Benzo(a)pyrene 2.3 10 
198-55-0 Petyiene 2.5 10 
193-39-5 Indeno(I,2,3-cd)pyrene 2.1 10 
53-70-3 Oi benz(a,h)anthracene"* 1.6 10 
191-24-2 Benzo(g,h,i)pery 1ene 2.8 10 
205-82-3 Benzo (j) f 1 uoranthene"** — — 
195-19-7 Benzo(c)phenanthrene" — — 
215-58-7 Dibenz (a, c) anthracene"* 1.6 — 
192-65-4 0 i benzo(a,e)pyrene" — — 
189-64-0 0ibenzo(a,h)pyrene" — — 
189-55-9 0 i benzo(a,i)pyrene" — — 
57-97-6 7,12-0 imethyl benz (a) anthracene 2.8 — 
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TSBLE 3-1 (c=;s2ed) 

• Rescrring Linit Resorciao Li: 
CAS Nuncsr no/L fPPTl na/L (WSl 

£5-45-5 3-Methy 1 dal authrsne 3^ — 

lGa-9£-2 Phenol — IQ 
95-43-7 2-Methy1 phenol — 10 
lQ6-ii-5 4-Methyl phenol — 10 
95-37-3 2-Giiorsphenol — 10 
83-75-5 — 10 
105-57-3 2,4-aiae:hylpheso1 — 10 
120-33-2 2, 4-Oicxlarsohesal — 10 
55-50-7 4-C]xlora-3-«s!iylpheno1 — 10 
£3-05-2 2,4.6-Tndilorapnesol — 10 
95-35-4 Z, 4,5-Tri cil oropheno 1 — £0 
51-23-5 2,4-ainitr5chenol — 50 
lCO-02-7 4-j(itr=sh8sol — 50 
534-52-1 4,6—3i ai tra-l-aecryl pheno 1 — 50 
37-36-5 Pentacsl orsaheno 1 — rO 

Total Phenolics • s 

Analytical standards not consistently available. It has not been 
demonstrated that this component can be routinely detected by this 
method. 

Dibenz(a,h)anthracene and Dibenz(a,c}anthracene coelute 

Laboratory studies have shovm that Benzo(j)fiuoranthene will coelute 
with either benzo(b)fluoranthene or benzo(lc)fluoranthene depending on 
the relative concentration of these two compounds in solution. BenZo(j) 
fluoranthene can not be consistently separated by this method. 
Therefore if present, it will be detected and reported as behzo(b) 
and/or benzo(k) f1 uoranthene. 
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The overall sampling program Is summarized In Tables 3-2,3-3, and 3-4, and Figures 3-1 through 
3-4. 

3.2 Objectives and Intended Data Usage 

Analytical levels for this project Incorporate aspects of levels IV, and V, as defined by 'Data 
Quality Objectives for Remedial Response Activities" (U.S. EPA, 1987). Contents of reports and 
data packages provided by the analytical laboratory will be based on those specified In Contract 
Laboratory Program (CLP) Statement of Work (SOW) Document OLM01.8, August 1991, (the 
deliverables are discussed In Section 10.3 in this OAPP). Data validation criteria are derived from 
'National Functional Guidelines for Organic Data Review' (U.S. EPA, December 1994). The 
details for quality control data acceptance criteria are discussed In Section 11 and Appendix B 
(Analytical Standard Operating Procedures (SOPs)). Data use categories Include monitoring 
during implementation, site characterization, and risk assessment. It Is the level of concern for 
low part per trillion concentrations of PAH that specifies a level V analytical level for this project. 
Level V includes non-conventional parameters, method-specific detection limits, and the 
modification of existing analytical methods. Rigorous Quality Assurance/Quality Corrtrol 
(OA/OC) to produce data of known quality are part of this program. 

The objective of the GAG treatment system monitoring (CD-RAP Section 4.3) Is to assess and 
evaluate the performance of the treatment system. Analytical results for Influent and effluent 
samples will be compared to the drinking water criteria for PAH as established in the CD-RAP. 
Based oh these comparisons, decisions will be made on: 1) system operations (e.g., when the 
carbon should be replaced), and 2) cessation of the treatment system, if desired, when 
sufficiently low concentrations of PAH In Influent samples are demonstrated. 

The objective of monitoring the four existing Mt. Simon-Hlnckley Aquifer municipal drinking water 
wells and any new Mt. SImon-Hinckley Aquifer municipal drinking water wells installed within one 
mile of well W23, and analyzing for PAH (CD-RAP Section 5.1), is to assure the continued 
protection of these wells from PAH resulting from activities of Rellly at the Site. The analytical 
data will be used to make comparisons between the levels of PAH found in the Mt. Simon-
Hinckley Aquifer, and the drinking water criteria established in the CD-RAP. 

If any new Ironton-Galesvllle Aquifer drinking water wells are installed within one mile of well W23 
(CD-RAP Section 6.2.1), then those wells will be sampled and analyzed for PAH to meet the 
objective of assuring protection of the wells from PAH resulting from the activities of Reiily at the 
Site. The analytical data would be used to compare the levels of PAH found in potential Ironton-
Galesville Aquifer drinking water wells to the drinking water criteria established in the CD-RAP. 

The objectives of monitoring the many Prairie du Chien-Jordan Aquifer wells, including municipal 
drinking water wells, private or industrial wells, and monitoring wells are to (CD-RAP Section 7.3): 
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TABLE 3-2 

Summary at Sampling and Analytical Program 

MMita 

Sampla Malih ' Field Paremalar 
Number el 
Semplee 

Leboralory 
Peramelefa 

Number ol 
Semplee 

Field 
Blenke 

FMd 
Dupllcalee 

Metrb 
Splka^ 

Spike' Mabfa 
Dupncato^ Total 

GACTiaalad Water X X PAH(ppl) 

Add Fraction 
compounds' 

1 X 1 1 1 4 

GAC Feed Water X X PAH(ppl) 1 X 1 1 1 4 

Groundwater pH 79 PAHlppt) 103 IB 18 18 18 175 

temperature PAHlppb) 14 4 4 4 4 X 

Spedtie 
Conductance 

Total Phenoli 14 4 4 4 4 30 

•" iiui|iiiimii'belealiiiil. 
HH eV wH SSflV HuBeV I NOig VI9 

• Mid ki CFA Hiito €S ma ba In •senilmn aBi C "*,rn iMinrtil leumAar 

r.\ensr\162(M)13\r8.tab 
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TABLE 3-3 

Sampiing Plan GAC Treatment System Monitoring Scheduie' 

RAP Section Sampling Points Start of Monftoiing 
Sampling Frequency 

Analyses'* 

4J.1(C) Treated water 
(TRTD) 

Date of plan 
approval 

Quarterly PAH(ppt)® 

4.3^(D) Feed water (FEED) Date of plan 
approval 

Annually PAH(ppt) 

4.3.4 Treated water Date of plan 
approval 

Annually Extended PAH(ppt) 

4.3.4 Treated or Feed 
water 

Date of plan 
approval 

Annually Add fraction 
compounds in EPA 
Test Metfiod 625 

a Tltb acheditladoas not IneMe eermin eonHngenctes (e.g. eMBeedaiiee monltarfng) and, thaMftm, mpreaanis die 
mfirimuln progiam that la likely to occur betaieen Iha dale thia Plan ia appmvad and December 13,1995. Secdona 4 
and 13 at the RAP euinna the additional monitoring that wfll be conducted If PAH criteria an exceeded. The dret 
aamples Trill be collected during the period Indicated by the monitoring frequency following the date of thaetartdf 

b lieia of parairtetera and methods for analyala of PAH, extended PAH, and add fracthin compounds In SA Test Method 
625 an pmvlded In the QAPP. field blanhs will be collededand analyxed at a frequency of one every fen aampleeor 
fewer. Tnatad wafer wHI be duplieated at ante of lOO percent PeedweierdupneatesamptaawmbeGoiteetedend 
analyzed at a frequency of one per ten aamples. 

c ppt a pens per trfman. This slgnlfles analysis using selected ion monitoring gas chmmatography mass spedrometiy. 
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TABLE 3-4 

Sampling Plan Ground Water Monitoring Schedule* 

SowM of Water RAP Section Sampling^ PMnta Start of Monitoring Oaifipiing rrei|uoncy Aniiia.^;: 

ML SImoivHIncMey Aquitar 5.1 SLP11. SIJ>12, SU»13, SLP 17 Date of plan approval Annually PAHfppt)* 

53.2 New municipal walla wMibi one mda 
orwanW23 

At the time of 
Installatlon 

Annually PAH(ppt) 

63.1 New municipal wells wlttiin one mile 
ofwellW23 

At the time of 
In iiiiill iiTn n insiaiianon 

Annually PAH(ppt) 

Piahle du ChleivJordan 
Aqidtar 

rm SLP4 Start of pumping Semiannually PAH(ppt) 
phanolics 

73(B) W23 Data of plan approval Semi-annually PAH(ppb)* 

73(0 SlP6,8LP7orSLP9 Data of plan approval Annually PAH(ppt) 

1 
73(D) W405 or W406^, H3, SLP10 or SLP15. 

SLP14, SIP16, W4a2 W403, W119 
Data of plan approval Annually PAH(ppt) 

73(E) SIJ«. H6, E3. MTKB. W29. W40, W70 Date of plan approval Annually PAH(ppl) 

73(n« W32. SLPB, SLP10, E4 Data of plan approval Semi-annually No chemical 
analyses' 

7.4.1*' W48. W401, E2, E7, E13. E15 Date of plan approval Semiannually PAH(ppt) 

SL Peter Aquitar ai3! SLP3, W14, W24, W33, W122, W129. 
W133, W408. W409. W410, W411, 
W412. P116 

Data of plan approval Semiannually PAH(ppt) 

DrlMtattevilto Aquifer 9.13 and 933 W420. W421, W422 Date of plan approval Ouartatfy PAH(ppb)and 
total phenols 

9.5 W1, WIS W19, WZa W22, W27, 
W101, W120, W121, W124, W130. 
W131, W143, W424, W426, W42a, 
W431, W432, W433, W434, W44CI< 

Data of plan approval Semiannually PAH(ppl) 

r\ensr\162(>013\r8.tab 
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TABLE 3-4 

Sampling Plan Ground Water Monitoring Schedule* 

' «ffltoeoa«M«ata^imeyolaMlGrwiiyMa««ilnarlM,iBdmdu|tfGM.anpla«ObaBall«Mfar«anrlmttnvlM. ' 

b,,f... S«iipUnapoMkamlMManMmv««)f»n'lnnauM>iav^»< ljMpiMmieaMcadnandae^Mlaii^ , . . 

vr .44nenaMn|Mila«Ma 

•t 

< inK' 

iip SLtMiimwppir«M 
B' Wtaaif^iMD 
N . ' MMMaamrtrinll SSTLn 
iMol imunilniM imUlfttom olM of i^pt" ilyMsapraiiUadliillwaAPK WMrlnAiiaiMihm^HCh 

irb'm^pKtaauiL TlikilBiMMiiidy*''liyi^W»Cilt«talii«|pA'V«nidyUodnwteliirlndMduiilM 
V'-T' 1iiai«4BiMaaLaH4«rilMliod«dataiMdpninlMq^nMBailngibim^ - - . - , - • - . . , . . 
'a^''.-., -WMvlmliaU ba musund •ofn^nroally tf tarthoMwi^wMalipnmta b* bitec 

^ . ' s, f ^ ' i / i 

e 'InwoortmalnitMarad^ihlCantiailaeilGdlinSyrtmVMaiMaiWf'nwMinpMMqMm;^ 

^ lallenMJelllMMnMDMraMUWalBlnrilyipkMMSLPMvik^lwiiiortkalivnqulnRunbL Manliaitag nqidnnatelBr 1994, uid •iibW«t >• 
qwdlM Inow «. PMwilqullvll«M 01 DOcMon 

TlioM»«li»wwiiiluiit9ilteho«MwlodM<ri<iHW^h9oi»9«ie9oluiBi9|io'BlorUj»lloiuUn>Ai99'otWiHte«iilllo»9ult«r. Haii9Mr,n^9tM«A,W42ahW42l, 
•irt W«l, m fiquliod to bo tunpiid qurtvlr Ror So^ 9LU faid Ul t)fl oeidliHN to kp inipM quaiMy nd SIM b itotdy raqiM to till oonvM 99nii«iiiugy 
-—"a.i:lindtoaeonanu9toboi«n|9oqiiiitoriv. > . 

r:\ensr\1620013\r8.tab 
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1) monitor the distribution of PAH in the aquifer, thus evaiuating the source and gradient control 
system, and 2) assure the continued protection of drinking water weiis from PAH resulting from 
the activities of Reiiiy at the Site. The analytical data will be used to compare the levels of PAH 
in the Prairie du Chien-Jordan Aquifer to historicai PAH data and to various criteria established 
in the CD-RAP (e.g., drinking water criteria for drinking water wells, and a cessation criterion of 
10 micrograms per liter of total PAH for source control well W23). 

In addition to water quaiity data generation, water level data will be used for the purpose of 
determining ground water flow patterns in the Prairie du Chien- Jordan Aquifer. 

The objectives of monitoring St. Peter Aquifer weiis are to (CD-RAP Section 8.1.3): 1) monitor 
the distribution of PAH in the aquifer, thus evaiuating a gradient control system installed at W410 
in 1990, and 2) assure the continued protection of drinking water weiis from PAH resuiting from 
the activities of Reiiiy at the Site. 

Upon its receipt, analytical data will be used to compare the levels of PAH in the St. Peter Aquifer 
to historical PAH data, to drinking water cessation criteria for weii W410, and to drinking water 
criteria estabiished in the CD-RAP. Water level data will be used to evaluate ground water 
pattems In the St. Peter Aquifer. 

The objective of monitoring the Drift-Piatteviiie Aquifer weiis (CD-RAP Section 9.6) is to monitor 
the distribution of PAH and phenolics in the aquifer, thus evaiuating the source and gradient 
control systems. Ground water analytical data will be used to compare levels of PAH and 
phenolics in the Dr'rft-Platteviile Aquifer with historicai water quaiity data for the aquifer and with 
various criteria established in the CD-RAP for PAH and phenoiics. Water levei data will be used 
to evaluate ground water flow patterns in the Drift-Platteviiie Aquifer. 

In addition to the objectives for iaboratory, anaiyticai data described above, field measurement 
data will be collected to aid in the ground water sampling procedure. In accordance with MPCA 
Guidelines (January 1995) field measurements of temperature, pH, and specific conductance will 
be made for the purpose of determining that a sufficient volume of water has been purged from 
the well prior to sampling. The objective of those field measurements is to determine when three 
successive well volumes exhibiting equivalent temperature pH, and specific conductance have 
been purged from each monitoring well, so that representative samples may be collected. 

The Site Management Plan outlines the scope of work to be performed in order to monitor the 
ground water in the St. .Louis Park, Minnesota, area in accordance with the CD-RAP related to 
the Reiiiy N.P.L Site. Included in this Plan are: 1) the identity of weiis to be monitored, 2) the 
schedule for ground water monitoring, and 3) a description of the procedures that will be used 
for sample collection, water levei measurement, sample handling, sample analysis, and reporting. 
Although a GAG treatment system has been constructed to treat water from well W23 and the 
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Drift-Platteville Aquifer source control wells prior to Its discharge to surface water receivers, 
monitoring of the effluent Is not within the scope of work to be performed under this Plan, as the 
activity is not embodied In the CD-RAP. Similarly, a GAG treatment system has been 
constructed to treat water from well SLP4 prior to discharge to the municipal water supply 
system; however, monitoring of the effluent Is not within the scope of work to be performed 
under this Plan, as the activity is not embodied In the CD-RAP. 

The time period covered by this Plan Is from January 1,1996, or the date of Its acceptance and 
approval by the Agencies whichever Is later, to December 31, 1996. The next subsequent 
Sampling Plan (RAP Section 3.3) will be submitted by October 31, 1996, covering the 1997 
calendar year. 
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4.0 PROJECT ORGANIZATION AND RESPONSIBiUTIES 

This project is being conducted in accordance with the CD-RAP for the Reiiiy Tar & Chemicai 
Corporation N.P.LSite in St. Louis Park, Minnesota. The parties to the Consent Decree include 
Reilly, the City, EPA, MPCA, and MDH. The project organization shown in Rgure 4-1 indicates 
the involvement of the parties to the Consent Decree, as appropriate. The responsibility for the 
overall QA/QC on the project is ENSR. Both the City and ENSR are responsible for the 
completion of the monitoring tasks described in this Plan and project QA/QC. The City is 
assisted in the retrieval and laboratory analysis of water samples by ENSR and QES, 
respectively. ENSR is responsible for the field sampling QA/QC and will be performing the 
biannual audit of QES. 

ENSR will be responsible for the coordination of ail field sample retrieval and Quanterra 
Environmental Senrices (QES), with analytical facilities in Anrada, Colorado, will be responsible 
for the coordination and completion of all laboratory analyses. Responsibilities of the key 
positions in the organization of QES are described below: 

• Laboratory Project Manager: The Laboratory Project Manager is ultimately 
responsible for ail laboratories and is the primary point of contact for issues 
surrounding this Quality Assurance Project Plan (QAPP), resolving technical 
problems, modifications to SOPs, etc. 

• Laboratory Project Coordinator: The Laboratory Project Coordinator is 
responsible for the coordination of routine day-to-day project activities including 
project initiative, status tracking, data review and requests, inquiries and general 
communication related to the project. 

• Operations Manager: The Operations Manager is responsible for oversight of 
preparation and analysis of PAH samples to ensure that project objectives, 
requirements and QA/QC criteria are met. 

• Laboratory Supervisor: The Laboratory Supervisor shall be responsible for daily 
supervision of technicians and analysts for PAH and total phenolics analyses, 
including sample extraction and preparation. 

• Analyst: The Analyst is responsible for the analysis of water samples for the 
requested parameters utilizing the methods prescribed by the QAPP. 
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Figure 4-1 Program Organization 
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• Technician: The Technician is respcnsibie for sample extraction. This requires 
practical experience and knowledge in the techniques of liquid - liquid solvent 
extraction, Kuderna - Danish evaporation, and the quantitative preparation of 
sample extracts for analysis. 

• Quality Assurance Director: The Quality Assurance Director is responsible for 
overall quality control oversight, including internal audits. The Quality Assurance 
Director supen/ises an independent QA/QC department and reports directly to the 
Division Director and Corporate Vice President for Quality Assurance. 

• Data Assessment: The evaluation of data, as it is compiled and organized in 
accordance with the requirements of the QAPP, is the responsibility of the 
Operations Manager. Additional review, evaluation, and assessment of the data 
is performed by the Laboratory Manager, thereby providing additional assurance 
that the requirements of the QAPP are met. 

The City's Project Manager shall be responsible to assess the data relative to the 
objectives and intended data usage identified in Section 3.2. of this QAPP. 

The Sampling Team shall consist of employees of the City and ENSR. The team shall be 
responsible for sample coiiection, conducting field measurements Q.e. water level), and 
maintaining proper decontamination procedures stated in the QAPP. 

The EPA and MPCA are responsible for review and approval of the Sampling Plan, including the 
QAPP. In addition, laboratory and field audits may be completed by appropriate EPA 
representatives. The MPCA is responsible for review of field procedures practiced by the 
Sampling Team. Responsibilities of the key positions in the EPA and MPCA are described 
below: 

• EPA Project Manager: The EPA Project Manager, EPA Region 5, is responsible 
for the review and approval of the QAPP on behalf of the EPA. 

• EPA Quality Assurance Officer: The EPA Quality Assurance Officer, EPA Region 
5, is responsible for the review and approval of the QAPP on behalf of the EPA. 

• EPA Central Regional Laboratory: The EPA Central Regional Laboratory, EPA 
Region 5, shall be responsible for audits of both field activities and laboratory 
analyses. 
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MPCA Project Manager: The MPCA Project Manager shall be responsible for 
review and approval of the Sampling Plan, and review of field procedures 
practiced by the Sampling Team. 
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5.0 QUAUTY ASSURANCE OBJECTiVES 

The principal objectives of the QAPP pertain to the collection of data that are sufficient to monitor 
the effectiveness of the GAG treatment system and to detect changes in ground water quality. 
Therefore, the quality of the data gathered in this project can be defined in terms of the following 
elements: 

o Completeness - a sufficient number of successful (valid) measurements to 
characterize the concentrations of PAH in the influent and effluent of the treatment 
system and in the aquifers of interest over a period of time. For this project, the 
completeness objective is that 95 percent of the laboratory analyses and 95% of 
the field measurements will produce valid data. Field data will be supplemented 
by resampling if necessary to ensure completeness. 

o Representativeness - the extent to which reported analytical results truly depict the 
PAH and phenolics concentrations in the sampled environment. 
Representativeness is optimized through proper selection of sampling sites, times 
and procedures, through proper sample preservation, and through prompt 
extraction and analysis. 

o Accuracy and Precision - Accurate and precise data will be achieved through the 
use of sampling and analytical procedures that minimize biases, through the use 
of standard procedures, through the meticulous calibration of analytical equipment 
and by implementing corrective action whenever measured accuracy and 
precision exceed pre-established limits. Accuracy and precision will be measured 
by the analysis of method spikes and duplicate samples. 

It Is essential that representative ground water samples be retrieved for laboratory 
analyses. Accuracy and precision in the measurement of parameters used to 
monitor ground water as it is purged from monitor wells and piezometers will be 
achieved through the use of standard monitoring procedures carried out 
continuously during the sample retrieval task. Field measurement equipment will 
be calibrated in accordance with the manufacturer's recommendations, as 
outlined in Table 6-6, and appropriate corrective action will be initiated whenever 
measured accuracy and precision do not meet pre- established limits. Precision 
and accuracy of field measurement devices will be tested by taking duplicate 
samples and calculating the relative percent difference using the formula 
presented in Section 14. Duplicate field readings will be completed at a ten 
percent frequency. 
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• Sensitivity - Determination of instrument sensitivity is accomplished by calibration 
using multiple concentrations of the anaiytes of interest. Once instrument 
sensitivity is demonstrated, analysis of replicate spiked samples of deionized 
reagent water at a concentration of one to five times the instrument sensitivity, is 
used to determine method sensitivity (i-e. method detection limit). 

• Comparability - the extent to which comparisons among separate measurements 
will yield valid conclusions. Comparability among measurements in the 
monitoring program will be achieved through the use of rigorous standard 
sampling and analytical procedures. 

• Traceability - the extent to which results can be substantiated by hard-copy 
documentation. Traceability documentation exists in two forms: that which links 
final numerical results to authoritative measurement standards, and that which 
explicitly describes the history of each sample from collection to analysis. 

The fundamental mechanisms that will be employed to achieve these quality goals can be 
categorized as prevention, assessment and correction, as follows: 

1. Prevention of defects in the quality through planning and design, 
documented instructions and procedures, and careful selection and 
training of skilled, qualified personnel 

2. Quality assessment through a program of regular audits and inspections to 
supplement continual informal review (refer to Section 12 of this QAPP) 

3. Permanent correction of conditions adverse to quality through a closed-loop 
corrective action system 

The City sampling program QAPP has been prepared in direct response to these goals. The 
QAPP describes the quality assurance program to be implemented and the quality control 
procedures to be followed by QES during the course of laboratory analyses in support of the 
various site investigation studies for the City Site. The Quality Assurance objectives will include 
field blanks, method blanks, field duplicates, surrogate spikes, matrix spikes and matrix spike 
duplicates. Precision, accuracy and completeness criteria are established for each parameter of 
interest. The specific criteria for each analysis and parameter are set forth in detail in the 
following sections: 
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Objectiva 

Field Duplicates 

Field Blanks 

Method Blanks 

Surrogate Spikes 

Matrix Splkes/Duplicates 

* One per group of 20 or fewer Invesllga 

Frequency (%) 

10 

10 

5 

lOOofGC/MS analyses 

5* 

iples. 

Sections Discussing Criteria 

6.8, 11.1.4 

6.5.2 

11.1.1, 15.1.3 

11.1.2, 15.1.1 

11.1.3,15.1.2 
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6. SAMPLING PROCEDURES 

Samples will be collected by ENSR and City personnel in accordance with MPCA guidelines 
(MPCA, 1985; Appendix A). The overall sampling program was summarized in Tables 3-2,3-3, 
and 3-4, and Rgures 3-1 through 3-4. This section discusses general QAPP provisions relevant 
to sample collection, containerization, packaging and shipping activities (SOPs 7130 and 7510; 
Appendix A). 

6.1 Training 

All ENSR and City personnel working on the project will be properly trained, qualified individuals. 
Prior to commencement of work, personnel will be given instruction specific to this project, 
covering the following areas: 

• Organization and lines of communication and authority 
• Overview of the Site Management Plan and QAPP 
• Documentation requirements 
• Decontamination requirements 
• Health and Safety considerations 

Training of field personnel will be provided by the Field Coordinator or a qualified designee. 

The analysts performing chemical analyses of samples will be trained in and will have exhibited 
proficiency in the analytical methods to be employed. 

6.2 Document Controi 

Document Control for the Sampling Plan senres a two-fold purpose. It is a formal system of 
activities that ensures that: 

1. All participants in the project are promptly informed of revisions of the QAPP 

2. All documents generated during the course of the program are accounted for 
during, and at the end of the project 

This QAPP and all Standard Operating Procedure documents have the following information on 
each page: 

• Document Number 
• Page Number 
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• Total number of pages in document 
• Revision number 
• Revision date 

When any of these documents are revised, the affected pages are reissued to aii personnel listed 
as document holders with updated revision numbers and dates, issuance of revisions is 
accompanied by explicit instructions as to which documents or portions of documents have 
become obsolete. 

Control of, and accounting for documents generated during the course of the project is achieved 
by assigning the responsibility for document issuance and archiving. Table 6-1 lists the key 
documentation media for the project and corresponding responsible parties for issuance, 
execution and archiving. 

6.3 Sample Control Procedures and Chain of Custody 

In addition to proper sample collection, preservation, storage and handling, appropriate sample 
identification procedures and chain of custody are necessary to help insure the validity of the 
data. 

6.3.1 Sample Identification 

Sample labels shall be completed for each sample using waterproof ink. The information 
recorded on the sample label includes: 

Sample Number - Unique coded sample identification number as described below. 

Time - A 4-digit number indicating the military time of collection. 

Sampler - Signature of person collecting the sample. 

Remarks - Any pertinent obsenrations or further sample description. The sample number 
includes three parts (source code, sampling point code, and date code) in the following 
sequence: 

XXX-YYYYY-ZZZZZZ 

XXX = Source Code 
GAG Treatment System = GAG 
Mt. Simon-Hinckley Aquifer = MSH 
Ironton-Galesville Aquifer = IGV 
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TABLE 6-4 
DOCUMENT CONTROL 

Item 

Field Notebooks 

Field Equipment 
Calibration Forms 

Sample Logs 

Chain-of-Custody Forms 

Sample Labels 

Issued Bv 

Field 
Coordinator 

Field 
Coordinator 

Field 
Coordinator 

Lab Sample 
Custodian 

Field 
Coordinator 

Issued To 

Sampling Team 

Sampling Team 

Sampling Team 

Field Coordinator 

Sampling Team 

Archived By 

Field 
Coordinator 

Field 
Coordinator 

Field 
Coordinator 

Lab Sample 
Custodian 

Lab Sample 
Custodian 
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Prairie du Chien-Jordan Aquifer = PCJ 
St. Peter Aquifer = STP 
Drift-Platteville Aquifer = DPV 

YYYYY = Sampling Point Code 

ZZZZZZ = Date Code 
Month, day, year 

Those samples which wiil be taken in accordance with this QAPP for quality control purposes 
will be identified by appending to the sampling point codes the following: 

Field blank = FB 
Field duplicate = D 
Matrix spike = MS 
Matrix spike duplicate = MSD 

As an example, a field blank sample taken for the Mt. Simon-Hinckley Aquifer, sampling point 
SI-P11 on January 1,1991, would be identified as follows: 

MSH-SLP11FB-010191 

During the sampling event, one sample wiil be taken per sampling point unless it is duplicated. 
Duplicate samples will be collected as specified in Table 3-2. Those samples collected for matrix 
spike analysis will be selected at the time of sampling and labelled in the field. 

After collection, identification, and preservation, the sample will be maintained under chain-of-
custody procedures discussed below. 

6.3.2 Field Forms 

In addition to sample labels and chain-of-custody forms, a bound field notebook will be 
maintained by the sampie team ieader to provide a daiiy record of significant events, information 
to be documented in the notebook will be ground water sample collection records, calibration 
records, list of samples collected and any other pertinent information such as weather conditions, 
site visitors, ease/difficulty of retrieving samples, etc. All entries will be signed and dated. All 
members of the sampling team will use this notebook. The notebook will be kept as a 
permanent record. 
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6.4 Sampiing Procedures - GAC Treatment System 

Chaln-of-custody forms will be completed and all samples shipped to QES' laboratory by 
overnight delivery on the same day they are collected. 

Sampling points will be flushed for at least five minutes before collecting a sample. Each PAH 
sample and matrix spike sample will be collected in six 1-liter amber glass bottles, which should 
be filled and capped in succession. PAH sample bottles will not be rinsed before being filled. 

The GAC treated water samples will have to be collected from two sample taps, one for each 
column (see Figure 6-1). This will be done by filling three 1-liter bottles from the first column 
sample tap and then three more bottles from the second (six from each for duplicate samples). 
No notations distinguishing the two taps will be made on the labels. Only four PAH bottles will 
be extracted and the extracts composited for analysis. 

Field blank samples will be prepared by transferring contaminant-free deionized water provided 
by QES into sample bottles in a fashion as closely similar to actual sample collection as 
possible. Reld blank sample bottles will be filled and capped in succession with individual 
bottles open to the atmosphere for an equal time as for actual process samples. Field blanks 
will be prepared in the area in which GAC treated water samples are collected. 

Reld duplicate and matrix spike duplicate samples will be obtained by filling 12 one-liter bottles 
at the sampling point by the procedure described above, splitting these into two groups of six 
bottles, and assigning a different sample number to each of the resulting six bottle samples. All 
samples will be packed, cooled to a temperature less than 4''C, and shipped on the day they 
are collected. 

The sampling team must recognize that great care is required to collect samples for part per 
trillion level PAH analyses that are free from outside contamination. PAH compounds are 
present in cigarette smoke, engine exhaust and many petroleum derived oils, among other 
sources. There will be no smoking anywhere in the GAC treatment building for at least 72 hours 
prior to the day on which PAH samples are to be collected. Similarly, no vehicles will enter the 
GAC treatment building and the large access door will stay closed for at least 72 hours prior to 
the sampling day. Disposable gloves will be worn when collecting, handling and packaging 
samples. Sample bottles will remain in closed shipping coolers until they are needed, and will 
be packaged and sealed for shipment as soon as possible after sampling. 

6.5 Ground Water Sampling and Water Level Measurements 

Ground water samples will be collected and water levels measured in accordance with the 
procedures outlined in this QAPP. The wells involved in the monitoring program include 
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municipal and commerciai wells, piezometers and ground water monitoring wells (see Table 3-4). 
Sampling procedures to accommodate the dimensions and configuration of each type of well 
are described below. Further details on well dimensions, water level measurements and sample 
acquisition strategies are given In the Site Management Plan. 

The importance of proper sampling of wells cannot be over emphasized. Even though the well 
being sampled may be correctly located and constructed, special precautions must be taken to 
ensure that the sample taken from that well Is representative of the ground water at that location 
and that the sample is neither altered nor contaminated by the sampling and handling procedure. 
Sample collection will always proceed from the less contaminated sampling points to the 
monitoring points containing progressively higher concentrations of PAH or phenolics. 

6.5.1 Decontamination 

The field decontamination procedure to be used on sampling equipment which comes into 
contact with ground water samples is as follows: 

o Disassemble equipment, if applicable 
o High pressure, hot water steam dean, using potable water 

The laboratory decontamination procedure to be used on sampling equipment which comes into 
contact with ground water samples is as follows: 

o Disassemble equipment 
o Rinse with methanol 
o Scrub with hot soapy water 
o Rinse three times with hot deionized water 
o Set on aluminum foil, dull side up, air dry 
o Bake for one hour at 200" C 
o Wrap with aluminum foil, dull side In 

6.5.2 Field Blanks 

Field blank samples will be prepared by transferring contaminant-free deionized water, provided 
by QES, into sample bottles in a fashion as closely similar to actual sample collection as 
possible. This will involve collecting samples through any non-dedicated sample equipment that 
is decontaminated between samples. Field blank sample bottles will be filled and capped in 
succession with individual bottles open to the atmosphere for an equal time as for actual process 
samples. Field blanks will be prepared in the area where samples are being collected at a rate 
of one per day or where more than ten samples are collected in a day at a rate of one field blank 
per ten samples. 
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6.5.3 Sample Containers (See Table 6-2) 

For PAH and phenolics, 1-liter amber glass bottles will be used. Caps will be fitted with pre-
cleaned teflon liners. Six bottles are required for each Low- Level PAH sample collected and 
two bottles for each Non-Criteria PAH and Extended Analysis sample collected. One 16-ounce 
glass bottle with two milliliters of 50 percent sulfuric acid is required for total phenolics. An 
Independent commercial firm shall provide precleaned bottles to QES for use on this project. 

In the event QES Is required to prepare bottles for sampling, the bottles will be prepared as 
follows: 

1. Wash bottles with hot detergent water. 

2. Rinse thoroughly with tap water followed by three or more rinses with organic-free 
water. 

3. Rinse with Burdick & Jackson quality redistilled acetone, followed by equivalent 
quality methylene chloride. 

4. Allow to air dry in a contaminant-free area. 

5. Caps and liners must be washed and rinsed also. Bottles should be stored and 
shipped with the Teflon-lined caps securely fastened. 

6.5.4 Sample Collection - Monitoring Wells and Piezometers 

Because unanticipated or changed conditions may cause difficulty in purging the monitoring 
wells and piezometers, flexibility in the approach to the method of well purging Is necessary. 
This QAPP proposes that the sampling team be given latitude in the selection of purge 
equipment necessary to complete the task (various pumping equipment and procedures that 
may be used for purging monitoring wells are described In SOP 7130 and MPCA's 'Procedure 
for Ground Water Monitoring'; Appendix A). In all cases where no dedicated pump exists, 
samples will be retrieved using laboratory-cleaned, stainless steel or teflon bailers as described 
below. 

Table 3-4 specifies that Prairie du Chlen-Jordan Aquifer monitor well W70, and St. Peter Aquifer 
monitor wells W24 and W33 be monitored. Each well Is equipped with a dedicated submersibie 
pump and It will be the responsibility of the sampiing team to determine if the pump is operable. 
In the event the dedicated pump within any individual well is operable, well purging and sample 
retrieval tasks will be completed with the aid of the pump in conformance with monitoring 
parameters established herein. In the event the dedicated pump within any individual well is 
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TABLE 6-2 
SAMPLE CONTAINERS. PRESERVATION PROCEDURES, AND 

HAXIHUH HOLDING TIMES 

Preaervatlon^ ^anlnon Holdfna Tlme^ 

Six 1-Uter an*»er fliaaa bottlea, cool, to A C; protect from 
Teflon-lined capa light 

Tuo 1-1 iter anber glaaa bottle. 
Teflon-lined caps 

Two 1-liter airber glaaa bottle, 

Two 16 oz. clear glaaa bottle 

cool, to «°C, protect from 
light 

cool, to 4 C 

5 daya (until extraction), AO daye after 
extraction 

5 daya (until extraction), AO daya after 
extraction 

5 daya (until extraction), AO daya after 
extraction 

cool, to A^C 
2 ml SOX H2S0^ 

28 daya 

Refi Federal Register Guidelinea/Vol.AO, No.209/Friday, October 26, 198A/p. A3260. 

^ Matrix apike sanrileB shall consist of the same matrix being analyzed, therefore triple the normal volune when a related 

matrix spike sanple and matrix spike duplicate are to be retrieved. 

Sattple preservation will be performed iamediately upon sample collection. 

Samples will be analyzed as soon as possible after validated time of sample receipt (VTSR). The times listed are the maximn 

times that samples may be held before analysis and still be considered valid. 
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Inoperable, the pump will be removed and purging/sampling procedures will be as established 
below. 

Monitoring wells and piezometers not equipped with dedicated submersible pumps will be 
purged using a non-dedicated submersible pump, suction pump or bailer. During the purging 
of each well, temperature, pH and specific conductance of the purge water will be monitored 
using a Hydrolab water quality monitor (or equivalent). Readings will be taken once per well 
volume. Stabilization of these readings will Indicate that purging Is complete and sampling may 
commence. Upon completion of well purging, samples will be collected from each well using 
a stainless steel or teflon bailer and a new length of nylon or polyester rope. All non-dedicated 
purging and sampling equipment will be decontaminated before use and between sampling 
points as described In Section 6.5.1. An equipment blank will be collected at the frequency of 
one for each ten samples collected from wells that have non-dedicated sampling equipment. 

Samples will be collected by filling each of the appropriate sample containers In rapid 
succession, without pre-rinsing the containers with sample. The bottle will be held under the 
sample stream without allowing the mouth of the bottle to come in contact with the bailer and 
filled completely, and the cap securely tightened. All sample labels will be checked for 
completeness, sample custody forms completed and a description of the sampling event 
recorded In the field notebook. 

6.5.5 Sample Coiiection - Pumping Wells 

At active pumping wells, the sampling team will first determine that the wells have actually been 
pumping during the period preceding sampling. This Information may be derived from 
Inspecting flow recorders or from Inten/lewing knowledgeable persons regarding the wells (water 
department employees, well owners, etc.). The information will be documented in the field notes 
of the sampling team. 

Water level measurements will then be made. If practical. The normal operation of the well will 
not be Interrupted for the purpose of measuring water levels. An electric tape will be used to 
measure water levels In pumping wells. Sampling will proceed by filling the required containers 
with water from the sampling tap as near to the well head as possible, and before any holding 
tanks or treatment Is encountered. 

If It cannot be determined that a well has been pumping at some time during the 24 hour period 
preceding sampling, or If It Is known the well was not pumping, then the well shall be purged 
until field measurements of temperature, pH, and specific conductance have stabilized after at 
least three well volumes have been removed from the well. These measurements, water levels, 
and the amount of water pumped will be recorded In the field notes. 
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6.6 Sample Preservation, Shipment and Storage 

Packaging and shipment of samples shall be in accordance with SOP 7510 (Appendix A). The 
samples will be iced or refrigerated at 4°C from the time of collection until extraction. PAHs are 
known to be light sensitive; therefore, samples will be stored in amber bottles and kept away 
from prolonged exposure to light. All samples for gas chromatography mass spectrometry 
(GO/MS) analysis wiii be extracted within five days of validated time of sampie receipt as per 
CLP SOW Document OLM01.8, or most recent version. The analysis will be completed within 
40 days following extraction. The holding time for total phenolics is 28 days from sample 
collection to anaiysis. 

Samples will be protected from breakage and shipped in coolers at a temperature of 4°C or less. 
An overnight carrier wiii be seiected to insure delivery at the laboratory within 24-36 hours after 
collection. 

Samples received at the laboratory will be checked for leakage and a notation made regarding 
sample temperature at time of receipt. All samples should be stored in an organic-free 
refrigerator at 4''C. 

6.7 Field Measurement Equipment 

Ail field measurement equipment wiii be controlled to ensure that measurements obtained are 
accurate and defensible. Table 6-3 summarizes the parameters to be monitored, the instruments 
to be used for each measurement,procedures Including calibration and frequency, and quality 
control criteria (also refer to Appendix A, SOP 7320, Calibration and Operation of Hydrolab Water 
Quality Monitor). 

In addition, these measurement devices will be issued through a formal equipment tracking 
system and operated by trained personnel. 

6.8 Duplicate Samples 

Duplicate samples will be collected by alternately filling sample bottles from the source being 
sampled. For six liter sample collection, one bottle will be filled for the sample, then one bottle 
for the duplicate, then a second bottle for the sample and then a second bottle for the duplicate, 
etc. Duplicates will be taken for each analysis type and each sample type, at a rate of one 
duplicate sample being collected for each ten samples, with a minimum of one duplicate for any 
sample batch. There are two sample types for this program: GAG treatment system water and 
ground water. 
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TABLE 6-3 
FIELD HEASUREMENT EQUIPMENT QUALITY CONTROL 

Device Calibration 
Routine Check 

Method Frequency Control Limits 

pH Meter 
(Hydrolab) 

Standardize in three or 
more standard buffer 
solutions 

Calibration check-analyze I/JQ *0.1 pH units 
standard buffer solution samples 

Analyze duplicates 

Conductivity Meter 
(Hydrolab) 

NBS Thermometer 

Water Level 
Measurement 
Device (Electric) 

Standardize using two 
or more KCL solutions 

Factory calibrated 

Factory calibrated 

1/10 
samples 

Calibration check-analyze 1/10 sanples 
standard KCL solution 

Analyze duplicates 

Not required 

Not required 

1/10 samples 

Not required 

Not required 

*0.1 pH units 

*1X of range 
being used 

*1X of range 
being used 

±0.1° c 

•0.01 Ft. 

NBS - National Bureau of Standards 
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For purposes of fuifilling the ten percent duplicate requirement, aii the sampling points shown 
on Table 3-4 are the same sample type and have been chosen to maximize the frequency of 
sample duplication from pumping wells and monitor wells where experience indicates sampling 
is easiest, thereby insuring consistency of results. 
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7. SAMPLE CUSTODY 

The St. Louis Park Ground Water Study is a cooperative effort between the City and ENSR, 
whose responsibilities include sample retrieval, and QES, whose responsibilities include sample 
analysis. Proper sample handling and analysis is essential to the success of the study, therefore 
a formal sample custody procedure has been developed to insure the integrity of all samples. 
Sections 6.4 and 6.5 discuss field sampling aspects and Section 6.6 outlines procedures for 
sample preservation, shipment, and storage. This section covers quality related activities from 
receipt of samples at the QES analytical facilities through issuance of validated analytical data 
and the storage of data in the final evidence file. 

7.1 Chaln-of<Custody Procedures 

To maintain and document sample possession, chain-of-custody procedures will be followed. 
A sample is under custody if: 

o It is in someone's possession 

o It is in someone's view, after being in their possession 

o It was in someone's possession and they locked it up to prevent 
tampering 

o It is in a designated secure area 

Samples are accompanied by a Chain-of-Custody Record. When transferring the possession 
of samples, the individuals relinquishing and receiving will sign, date, and note the time on the 
record. This record documents sample custody transfer from the sampler, often through another 
person, to the analyst at the laboratory. 

Minimum information recorded on the chain-of-custody record, in addition to the signatures and 
dates of all custodians, will include: 

o Sampling site identification 
o Sampling date and time 
o Identification of sample collector 
o Sample identification 
o Sample description (type and quantity) 
o Analyses to be performed 



QUAUTY ASSURANCE PROJECT PLAN 
Page: 41 of 90 
Date: Oct. 1995 
Number: RAP 3.3 
Revision: 0 

Samples will be packaged properly for shipment and dispatched to the appropriate laboratory 
for analysis, with a separate custody record accompanying each shipment. Shipping containers 
will be sealed for shipment to the laboratory. The method of shipment, courier name(s) and 
other pertinent information are entered in the 'Remarks' box. Then tear off the last copy of the 
form and place the original and remaining copies in the container. After the container is closed, 
place the custody seals on the container. 

Whenever samples are split with another laboratory, it is noted in the 'Remarks' section. The 
note indicates with whom the samples are being split and is signed by both the sampler and 
recipient. If either party refuses a split sample, this will be noted and signed by both parties. 
The person relinquishing the samples to the facility or agency should request the signature of 
a representative of the appropriate party, acknowledging receipt of the samples. If a 
representative is unavailable or refuses to sign, this is noted in the 'Remarks' space. When 
appropriate, as in the case where the representative is unavailable, the custody record should 
contain a statement that the samples were delivered to the designated location at the designated 
time. 

7.2 Security and Recordkeeping 

Samples entering the QES analytical facilities located in Anrada, Colorado, proceed through an 
orderly chain-of-custody sequence specifically designed to insure continuous integrity of both 
the sample and documentation. 

Appendix A contains Standard Operating Procedures (SOPs) which address the following 
aspects of facility security and sample custody. Figure 7-1 shows the data collection process 
flow chart. 

o Building Security - SOP No. LP-RMA-0001 
o Sample Log-in - LP-RMA-0003 
o Sample Receipt and Chain of Custody - SOP No. LP-RMA-0005 

7.3 Final Evidence RIe 

The final evidence (or data) files will be maintained for the period specified in the RAP. Evidence 
files will consist of all data necessary to completely reconstruct the analysis, and will consist of 
(at a minimum): ail field documents, logs, project reports raw data, continuing calibration 
checks, decafluorotriphenyl phosphine (DFTPP) tune, detection limits, chain-of-custody 
documentation, quality control data for blanks and matrix spikes, results forms, and a file 
custodian. In addition, the analytical report, which contains a brief discussion of the method and 
a more detailed narrative of any analytical issues is included in the package. The City will 
maintain these files in a secure, limited access area, under the custody of the Project Manager. 
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FiGURE 7-1 
Data Collection Process Flow Chart 
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QES maintains all GC/MS raw data files on tapes or other magnetic media for an indefinite 
period. This data will be available upon request. 
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8. CAUBRATION PROCEDURES 

Calibration is required to ensure that field and laboratory analytical systems are operating 
correctly and functioning at the proper sensitivity to meet established detection limits. For this 
project, calibration is required for field measurements of temperature, pH, and specific 
conductance. Appendix A contains SOP 7320 that describes calibration procedures for field 
measurement instruments. This project also requires calibration for the four laboratory analyses 
(Low-Level, Non-Criteria, Extended, and Phenolics). These four analyses are defined in Section 
9ofthisQAPP. 

The laboratory is required to maintain logbooks that contain instrument usage, preventive 
maintenance, repairs, corrective actions, initial calibrations, daily calibration verifications and 
calibration standards used. 

The specific calibration requirements for each of these analyses are summarized in the 
subsections below. 

8.1 Low-Level (ppt) Analysis 

The calibration requirements are described in detail in the SOP for ppt PAH analyses (Appendix 
B). The discussion below highlights the key aspects of the calibration requirements. 

Prior to use of the method for Low-Level analysis of PAH, a five-point response factor calibration 
cunre must be established showing the linear range of the analysis. 

A midpoint calibration standard is analyzed at the start of each 12-hour calibration sequence and 
the area of the primary characteristic ion is tabulated against concentration for each compound. 
The response factor (RF) for each compound listed in Table 8-1 is calculated. 

These daily response factors for each compound must be compared to the initial calibration 
curve. If the daily response factors are within ±35 percent of the corresponding calibration curve 
value, the analysis may proceed. If, for any analyte, the daily response factor is not within ±35 
percent of the corresponding calibration cunre value, the system is out of control and corrective 
action must be performed. 

The quantitation mass ion, which represents the 100 percent abundance ion, is selected for 
quantitation and for the daily response factor measurement. The second ion, or confirmation 
ion, is used for confirmation of the identification. The daily response factor for the quantitation 
mass ion is compared to the initial calibration curve. During the analysis of the daily calibration 
standard, the percent abundance of the confirmation ion is obtained. This percent abundance 
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TABLE 8-1 TARGET COMPOUNDS AND KEY IONS 
FOR LOW LEVEL PAH ANALYSES 

QUANTITATION CONFIRMATION 
CAS NO. COMPOUND MASS ION (% ABUNDANCE 

271-89-6 2,3-Benzofuran 118 90 (52) 
496-11-7 2,3-Dihydroindene 117 118 (57) 
95-13-6 IH-Indene 116 115 (108) 
91-20-3 Naphthalene 128 102 (7) 

4565-32-6 Benzo(B}Thiophene 134 89 (8 
91-22-5 Quinoline* 129 102 (20 
120-72-9 IH-Indole 117 90 (31) 
91-57-6 2-Methylnaphthalene 141 115 (31 
90-12-0 1-Methylnaphthalene 141 115 (28 
92-52-4 Biphenyl 154 153 (35] 
208-96-8 Acenaphthylene 152 151 (17. 
83-32-9 Acenaphthene 154 153 (93, 
132-64-9 Dibenzofuran 168 139 (40 
86-73-7 F1uorene 166 165 (90. 
132-65-0 Dibenzothiophene 184 139 (19 
85-01-8 Phenanthrene 178 176 (19 
120-12-7 Anthracene 178 176 (19 
260-94-6 Acridine 179 178 (26 
86-74-8 Carbazole 167 166 (28] 
206-44-0 Fluoranthene 202 200 (17] 
129-00-0 Pyrene 202 200 (18] 
56-55-3 Benzo(A)Anthracene* 228 226 (22] 
218-01-9 Chrysene* 228 226 (26] 
205-99-2 Benzo(B)F1 uoranthene* 252 250 (22) 
207-08-9 Benzo(K)F1uoranthene 252 250 (22) 
192-97-2 Benzo(E)Pyrene 252 250 (35) 
50-32-8 Benzo(A)Pyrene* 252 250 (26) 
198-55-0 Perylene 252 250 (24) 
193-39-5 Indeno (l,2,3-CD)Pyrene* 276 274 (25) 
53-70-3 Di benz(A,H)Anthracene* 278 279 (20) 
191-24-2 Benzo(G,H,I)Pery1ene* 276 274 (25) 
205-82-3 Benzo(J)F1uoranthene* 252 250 (22) 

NOTE: The % abundance for the confirmation ion is a tvoical value. 
Although these ratios will vary, the relative intensities of 
confirmation ions must agree within plus or minus 20% between the 
calibration standard for any given day and the samples run on that 
day. 

* Carcinogenic PAH as defined in Appendix A of the RAP. 
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is used for identification purposes for samples analyzed during that day. The percent abundance 
values shown in Table 8-1 are typical values. 

Mass tuning will be performed using the mass calibration compound FC43. Tuning will be 
performed to maximize the sensitivity of the mass spectrometer for the mass range of 
compounds being analyzed. In the FC43 spectra, the ion abundance of masses 131 and 219 
are adjusted to a ratio of 1:1. These two ions are then maximized to be approximately 50 to 70 
percent of the ion abundance of the base mass 69. This procedure maximizes the sensitivity of 
the instrument in the mass region of interest for the PAH analysis. 

The requirements above will be employed for all compounds in Table 8-1 with the exception of 
benzo(j)fluoranthene. Laboratory studies have shown that Benzo(j)fiuoranthene will coelute with 
either Benzo(b)fluoranthene or Benzo(k)fluoranthene depending on the relative concentration of 
these two compounds in solution. Benzo(|)fluoranthene cannot be consistently separated by this 
method. Therefore, if present, it will be detected and reported as Benzo(b) and/or 
Benzo(k)fluoranthene. 

8.2 Non-Criteria Anaiysis 

All Non-Criteria analyses will follow the calibration requirements described in CLP Document 
OLM01.8, or most recent version. In summary, the SOW requires an initial verification that the 
mass spectrometer is tuned properly using DFTPP. The SOW also requires an initial five-point 
calibration be performed for all compounds and that this calibration be verified by the analysis 
of a daily calibration standard. 

The calibration requirements in the SOW are based on the determination of a diverse list of 
semlvolatile organics. Calibration is verified on a daily basis by comparing the responses of a 
few select compounds, termed calibration check compounds (CCC). Only one of these 
compounds (acenaphthene) is a target PAH for this project. The response of another group of 
compounds, termed system performance check compounds (SPCC), are used to verify the 
anai]^ical system is working properly. None of the SPCCs are target PAH for this project. 
Rnaliy, the target PAH for this project contain compounds not measured under CLP protocols. 

Accordingly, the procedures in the SOW for calibration have been modified to accommodate the 
differences in the monitoring lists. A calibration standard containing ail of the anaiytes shown 
in Table 8-1 is used for both initial and continuing calibration in place of the CLP standard. The 
daily calibration is verified by comparing the response of all 32 compounds to the response from 
the initial calibrations. For the initial calibration, the relative standard deviation (RSD) for each 
compound must be less than 30 percent or the system is out of control and corrective action 
must be performed. For continuing calibration, the percent difference for each compound must 
be less than 30 percent. 
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The control limit for the daily oaiibratlon is based on the aoouraoy and preoislon objectives of this 
project and experience with this group of analytes. The limits in the CLP SOW, which is siightiy 
more stringent, is based on a seiect group of compounds with extensive method performance 
data. 

8.3 Extended Anaiysis 

In addition to the compounds listed in Table 8-1, the compounds shown in Table 8-2 are required 
to be determined in the extended monitoring program. This extended list of compounds include 
phenols and other PAHs specified for this project. 

Analyses for the extended list of compounds will be performed on the semivolatiles extract 
prepared as described in CLP SOW Document OLM01.8, or most recent version. 

Since most of the compounds on the extended monitoring list are also target compounds in the 
CLP protocol, the CLP calibration protocol will be followed. 

The system is tuned with DFTPP and calibrated with the semivolatile compounds as specified 
in the CLP SOW. The compounds used to assess system performance and to verify the 
continuing calibration (SPCCs and CCCs) are used to verify that the system is in control. The 
control limits in the SOW are used. The presence of the PAH compounds listed in Table 8-2 is 
determined by evaluating the library search results generated for the CLP analysis of the sample. 

Example retention times, quantitation ions and the internal standards determined at the 
laboratory for 7,12-dlmethyibenz(a)anthracene and 3-methylcholanthrene are listed in Table 8-3. 

8.4 Phenoiics 

The calibration requirements are described in detail in the SOP for the total recoverable phenoiics 
analyses (Appendix B). The discussion below highlights the key aspects of the calibration 
requirements. 

A five-point calibration cun/e covering the linear range of the method will be analyzed prior to the 
analysis of any samples and with a minimal frequency of once per 12 hours. The calibration 
curve must have a correlation coefficient of at least 0.995. 

An initial calibration verification (ICV) check standard is distilled analyzed at a frequency of one 
per 20 samples. The measured value from this check standard must be ±25 percent of the true 
value. 
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CAS NO. 

195-19-7 
215-58-7 
192-65-4 
189-64-0 
189-55-9 
57-97-0 
56-49-5 

TABLE 8-2 
TARGET COMPOUNDS FOR EXTENDED ANALYSES 

A. OTHER CARCINOGENIC PAH 

Benzo(c)phenanthrene/1 
Diben2(a,c>anthracene/2 
Oibenzo(a,e pyrene'l 

REPORTING LIMIT 
no/L 

1.6 
pyrene 
pyrene /I Oibenzo(a,h 

Oibenzo(a.i pyrene' 
7,12-0imethylbenz(a)anthracene 
3-Methylcholanthrene 

2.8 
3.5 

/I No analytical standards are available. 

/2 Coelutes with dibenz(a,h)anthracene. If these isomers are detected, 
they will be reported as a total value. 

CAS NO. 

108-95-2 
95-57-3 
88-75-5 
105-67-9 
120-83-2 
59-50-7 
88-06-2 
51-28-5 
100-02-7 
534-52-1 
87-86-5 

B. ACIDIC COMPOUNDS LISTED REPORTING LIMIT 
IN EPA METHOD 625 uo/L 

Phenol 10 
2-Chloraphenol 10 
2-Nitropheno1 10 
2,4-Oi methylphenol 10 
2,4-Oichlorophenol 10 
4-Ch1oro-3-methylpheno1 10 
2,4,6-Trich1oropheno1 10 
2,4-Olnitraphenol 50 
4-Hitrophenol 50 
4,6-Dinitro-2-methylphenol 50 
Pentachlorophenol 50 
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TABLE 8-3 

RETENTION TINES, QUANTITATION IONS AND INTERNAL 
STANDARDS FOR EXTENDED PAH LIST 

Conroound 

7,I2-dimethy1benz(a) 
anthracene 

Absolute 
Retention Time 

30:51:00 
minutes 

Relative Quantitation Internal 
Retention Time Ions Standard 

0.890 minutes M/Z 256 Di2-B(A)pl 
M/Z 264 

3-methylcholanthrene 32:48:50 
minutes 

1.085 minutes Vi/1 268 Di2-B(A)pl 
K/Z 264 

1 Benzo(A)Pyrene 
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9. ANALYTICAL PROCEDURES 

9.1 Low-Levei Anaiysis 

As specified in the Consent Decree, four types of analyses are to be performed as part of the 
RAP for this project. These four analyses are defined below, and the details of the specific 
analytical procedures are presented in subsequent subsections. 

• Low-Level: Refers to the determination of a specific list of 21 polynuclear 
aromatic hydrocarbons using GO/MS with operation in the selected ion 
monitoring (SiM) mode. The list of target PAH contains carcinogenic and non-
carcinogenic compounds and is shown in Table 8-1 of the QAPP. The list 
includes 14 compounds which are not on EPA's priority pollutant. Appendix IX or 
Superfund target compound list. The analytical methodology is based on well 
known principles of GC/MS technology. Although there is no EPA method that 
embodies this technique for this class of compounds, methods developed for the 
measurement of polychlorinated dibenzodioxins (e.g.. Methods 613 and 8280) are 
based on selected ion monitoring technology. 

• Non-Criteria: The Low-Level PAH method is designed to measure PAH at the 
sub-ppb level. At higher concentrations, the compounds can be measured under 
scanning GC/MS conditions. Since scanning GC/MS provides more reliable 
qualitative data, this method, termed "Non- Criteria PAH" is preferred for samples 
containing ppb concentrations of PAH. The method is based on the Contract 
Laboratory Program (CLP) protocol for semivolatile organics with the appropriate 
modifications to address the differences in the monitoring lists. 

• Extended: Some samples are analyzed for the specific list of compounds shown 
in Table 8-2 of the QAPP using scanning GC/MS. This list, termed "Extended" 
analyses, includes additional PAH, specific acid (phenolic) compounds and a 
provision for "identifying" unknown compounds. Unknown compounds will be 
identified and reported from the analysis of the acid fraction only. As in the Non-
Criteria analyses, analyses are performed using CLP protocols with the 
appropriate modifications. 

• Phenolics: Refers to the determination of "total phenols" using a 
coiorimetric procedure. 

A method has been developed for the analysis of selected target PAH and heterocycle 
compounds at the part per trillion level (ppt, ng/L) in water. The anaiysis is carried out by 
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isolation of the target anaiytes by liquid-liquid extraction of the water sample with an organic 
solvent. Quantitation of the isolated target anaiytes is performed by GO/MS in the SIM. The 
method is generally applicable for the measurement of any PAH or related compound. For this 
project, only those compounds listed in Table 8-1 will be determined. 

In summary, a measured volume of sample is extracted with methylene chloride. Analysis of the 
concentrated extract is performed by GC/MS using the selected ion monitoring scanning mode 
under electron impact ionization conditions. Specific details of this methodology can be found 
in Appendix B, Determination of Low-Level (ppt) PAH and Heterocycles in Water. This method 
is designed to analyze samples containing up to 800 ppt of an individual PAH. With dilution of 
the sample extract, the effective range of the method can be extended into the ppb range. 
However, sample dilutions may result in loss of information concerning recovery of surrogates. 
For this reason, an optional sample preparation technique is contained in the method. This 
optional technique can be used if historical information indicates that the target compounds are 
present in concentrations in excess of 600 ppt. 

9.2 Non-Criteria Analysis 

The selected target PAH and heterocycle compounds listed in Table 8-1 can be determined by 
GC/MS in the scanning mode at the ppb and higher concentrations. This analysis, termed Non-
Criteria analysis, uses the methodology contained in CLP SOW Document OLM01.8, or most 
recent version. The megor deviations to the semivoiatile organic analysis from the SOW are as 
follows: 

1. The calibration is performed as set forth in Section 8 of this OAPP 
2. The internal OC checks are set forth in Section 11 of this OAPP 
3. Data are reported only for those compounds listed in Table 8-1 

9.3 Extended Analysis 

The target compounds listed in Table 8-2 are measured using the methodology contained in CLP 
SOW Document OLM01.8, or most recent version for semivoiatile organics. The only deviations 
from this SOW are as follows: 

1. The calibration is performed as described in Section 8 of the OAPP 
2. The only target compound in the analytical reports are those listed in Table 8-2. 
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9.4 Phenolics 

Total phenolics will be determined by RMAL SOP No. 1112 which references Methods 420.1 and 
420.2 as published in the "Methods for Chemical Analysis for Water and Waste, EPA 600/4-79-
020" (refer to Appendix B). 



QUAUTY ASSURANCE PROJECT PLAN 
Page: 53 of 90 
Date: Oct. 1995 
Number: RAP 3.3 
Revision: 0 

10. DATA REDUCTION, VAUDATION AND REPORTING 

10.1 Data Reduction and Validation 

All project data will be subjected to a three-tier process including review by operations, by the 
data review groups for inorganics and GO/MS and the final review by the Project Coordinator 
prior to its release. The review process has been developed to minimize errors associated with 
sample processing, sample analysis and data reporting and to ensure that information pertaining 
to a given sample is well documented. 

Appendix A contains SOPs for laboratory data review. Refer to SOP No. LP-RMA-0002 for 
information relative to review policies and processes. Currently, a new SOP LP-RMA-5011 is 
being written to replace LP-RMA-0002. In addition, the SOPs for the analytical methods contain 
the calculation techniques required to obtain reportable concentrations from the raw data. 

10.2 Turnaround Time 

In accordance with Section 3.2 of the RAP, QES has agreed to a 30 working day turnaround. 
The City, however, makes no enforceable commitment under the RAP except for a maximum 
of five days from validated time of sample receipt for extraction of organics and 40 days following 
extraction for analysis of organics. For non-organic analyses, the City makes no enforceable 
commitment under the RAP except to meet the recommended maximum analytical holding 
times. 

10.3 Reporting/Data Deliverables 

QES shall prepare summary reports and data packages in a format that mimics the format 
described in CLP SOW Document OLM01.8, or most recent version. Specifically, Form 1, SV-1 
and SV-2 in Exhibit B of the CLP SOW will be changed to include the PAH list of parameters 
shown in Table 8-1 of the OAPP. Form II, SV-1 will show the surrogates for the PAH analysis. 
Form III, SV-1 will show the spike compounds for the PAH analyses. Form VI, SV-1 and SV-2 
and Form VII, SV-1 and SV-2 will be altered to show just the target parameters shown in Table 
8-1 of the OAPP. Finally, Form VIII, SV-1 and SV-2 will be modified to show the internal 
standards for the PAH method. In addition, in the Low-Level PAH analyses, compounds which 
are determined to be present in the samples based on careful inspection of the data, but which 
do not meet the secondary ion confirmation criteria will be flagged with an "R". The reporting 
forms in Exhibit B will be modified to show the target lists of parameters, surrogates and spiking 
compounds for the Low-Level PAH. 
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The data packages for total phenollcs shall as closely follow CLP deliverables for Inorganic 
analysis as possible. Reports shall contain all applicable CLP forms as well as the associated 
raw analytical data. The package includes Forms I - III, V and VI (results, initial and continuing 
calibration verification, blanks, matrix spike and duplicate). The report shall be organized as 
described in CLP Inorganic SOW 7/88. 

QES has determined the method detection limits for the ppt PAH analysis of water samples, 
utilizing GC/MS selected ion monitoring, according to the method described in Appendix B to 
Part 136 of the Friday, October 26, 1984, Federal Register, Vol. 49, No. 209 - Definition and 
Procedure for the Determination of the Method Detection - Revision 11.1. Table 10-1 lists the 
compounds, the obsenred concentrations of seven replicates spiked at five ppt, the standard 
deviations and the method detection limits. QES has also determined the method detection 
limits for part per billion Phenolics according to Method 420.2 as published in the 'Methods for 
Chemical Analysis for Water and Waste, EPA 600/4-79-020" (see Table 10-2). 

These calculated method detection limits will be used in sample reporting as follows: 

o Analytes detected at concentrations greater than or equal to the 
calculated method detection limits will be reported with no qualifiers 

o Analytes which are not detected will be reported as the calculated detection limit 
followed by a 'U" qualifier which is used in the EPA CLP to indicate a non-
detected compound 

o Analytes that are detected at concentrations less than the calculated method 
detection limits will be reported followed by a 'J' qualifier which is used in the EPA 
CLP to indicate that a reported value is below the sample quantitation limit and 
above the method detection limit 

The various items in the data package are listed below: 

o Sample Traffic Reports or Chain-of-Custody 

o Sample Data Summary Report Including: 

Case narrative 
Tabulated target compound results by fraction 
Surrogate spike analysis results by fraction 
Matrix spike/matrix spike duplicate results by fraction 
Blank data by fraction 
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TABLE 10-1 
METHOD DETECTION LIMIT REPORT 

Conpotnd SMnple 
«1 

Sanple 

2,3-Beniofuran 19. 20.9* 18.0* 19.5* 20.3* 21.5* 16.6* 1.70* 
2,3-Dihydralndene 4.3 4.2 4.7 3.7 3.8 4.9 4.7 0.46 
IN*Indene 4.4 4.2 4.6 3.9 4.1 4.7 4.6 0.30 
Naphthalene 20.5* 21.0* 18 5* 20.3* 23.0* 23.5* 17.6* 2.15* 
Benzo(B)thlophene 3.6 3.5 3.9 3.4 3.3 3.8 4.1 0.29 
Oulnollne 4.7 4.0 4.1 3.7 3.3 4.4 4.1 0.45 
IN-Indole 3.7 4.5 5.6 3.2 3.2 4.2 4.0 0.84 
2*HethylnaphthBlene 5.4 5.0 5.3 5.1 4.8 4.9 5.7 0.31 

thylnaphthalene 4.5 4.2 4.6 3.8 3.7 4.7 5.2 0.53 
enyl 17.9* 18.1* 16 6* 18.4* 18.1* 19.3* 15.0* 1.43* 

Aceriaphthylene 3.9 3.6 4.6 3.7 3.5 4.4 4.5 0.46 
Acenaphthene 4.2 3.7 4.7 3.5 3.5 4.1 4.1 0.43 
DIbeniofuran 4.3 3.9 4.6 4.1 3.7 4.6 4.2 0.34 
riuorene 4.4 4.0 4.5 4.0 4.0 4.6 4.8 0.33 . 
Olbenzothlophene 4.0 3.5 4.0 3.5 3.2 3.9 4.2 0.36 
Phenanthrene 4.7 3.9 4.7 3.9 3.6 4.2 4.5 0.43 
Anthracene 4.5 3.B 4.5 4.1 3.6 4.1 4.6 0.38 
Acrldlne 4.1 4.3 4.9 4.1 3.8 2.4 2.3 0.98 
Carbatola 4.5 3.2 4.8 3.5 3.9 3.1 3.8 0.64 
Fluoranthene 4.5 3.8 4.7 3.9 3.6 4.4 4.7 0.45 
Fyrene 4.3 3.7 4.4 3.9 3.4 4.2 4.7 0.45 
Benzo(A)enthracene 4.6 3.6 4.0 3.6 3.3 5.3 5.3 0.83 
Chryaene 4.3 3.3 3.7 3.3 2.9 5.1 5.3 0.94 
Bento(B)fluorsnthrene 4.6 3.4 3.8 3.6 2.8 4.9 5.0 0.83 
BentoliOfluoranthrene 4.1 3.2 3.5 3.2 3.2 4.9 4.8 0.76 
Bento(E)pyrene 4.9 3.8 4.1 3.3 3.5 4.9 4.4 0.64 
BenzolA )pyrene 4.5 3.2 3.8 3.2 2.9 4.8 4.5 0.76 
Perylcnc 4.6 3.6 3.8 3.5 3.3 5.3 5.1 0.82 
lndene(1,2,3-CD)pyrene 4.5 3.4 3.4 2.9 3.0 4.5 4.2 0.69 
Dlbenz(A,N)snthrscene ** 4.2 3.5 3.6 3.1 3.3 4.6 4.1 0.54 
Benzo(G,H,1)perylene 3.8 3.0 2.9 2.6 2.9 4.9 4.7 0.94 

Simple 
n 

Sample 
»6 

Sample 
U7 

Standard 
Deviation 

Dete 
LIm 

lod 
on 

Note: Anoint spliced • 5 ng/L. 
* Oats for 2,3-Bentofuran, Naphthalene and Biphenyl were obtained from previous 

teetlon limit study. Spike levels • 20 ng/L. 
.ompounds co-elute 
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TABLE 10-2 

METHOD DETECTION LIMIT STUDY - TOTAL PHENQLICS 

Samoie f Concencratlon Detected (mo/L) 

1 

2 

3 

4 

5 

6 

7 

0.0315 

0.0340 

0.QZ9I 

0.0315 

0.0291 

0.0291 

0.0315 

Calculated Standard Deviation = 0.0018 

Calculated Method Detection Limit = 0.00579 nig/L 
= 5.8 ug/L 
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• Sample Data Package including: 

Case narrative 
Traffic reports 
Raw data 

The City will present reports in a manner consistent with the requirements of Section 3.1 of the 
RAP. In addition, data packages containing all elements listed above will be presented for the 
sample analyses completed, if so directed by the EPA. The EPA shali be responsible for 
identifying the specific sample analyses for which data packages will be provided. 

10.4 Reporting Requirements for Sampies Exceeding Advisory Leveis or Drinking Water 
Criterion 

For active drinking water welis, QES wiil notify the City by telephone, within 24 hours of 
completing an analysis, whenever a sample analysis is shown to exceed the following Advisory 
Levels or Drinking Water Criterion: 

Parameter Advisory Level Drinidng Water Criterion 

Sum of Benzo(a)pyrene and Dibenz(a,h)anthracene^ 3.0 ng/L^ 5.6 ng/L 

Total Carcinogenic PAH^ 15 ng/L® 28 ng/L® 

Total Other PAH 175 ng/L 280 ng/L 

1 Oraieilelectionllmil.iMMclHMBrlslaiigMt 
2 SeeT«Meiee 
3 Different concraitntloni for additional carcinogenic PAH may be estabOshed In accordance wttti the procedure specified 

In Part D.1 of ffte Coneent Decree 

Reporting requirements for methods blanks are discussed in Section 11.1.1. 

10.5 Final Evidence Files 

The final evidence (or data) files will be maintained for the period specified in the RAP. Evidence 
files will consist of all data necessary to completely reconstruct the analysis, and will consist of 
(at a minimum): all field documents, logs, project reports, raw data, continuing calibration 
checks, DFTPP tune, detection limits, chain-of-custody documentation, quaiity control data for 
blanks and matrix spikes, resuits forms, and a fiie custodian, in addition, the analytical report, 
which contains a brief discussion of the method and a more detailed narrative of any anal^ical 
issues, is included in the package. The City will maintain these files in a secure, limited access 
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TABLE 10-3 

CARCINOGENIC PAH<®) 

benz(a)anthracene 
benzo(b) fl uoranthene 
benzo(j) fl uoranthene 
benzo(ghi)pery]ene 
benzo(a)pyrene^°' 
chrysene ... 
dibenz(a,h)anthracene^' 
1ndeno(l,2,3-c,d)pyrene 
quinollne 

The total maximuni levels of carcinogenic PAH established in the Consent 
Decree-RAP are: 

Advisory Level - 15 ng/1 

Drinking Water Criterion - 28 ng/1 

The total maximuni levels of the sum of benzo(a)pyrene and debenz(a,h) 
anthracene are: 

Advisory Level - 3.0 ng/1 (or the lowest concentration 
that can be quantified, whichever is 
greater) 

Drinking Water Criterion - 5.6 ng/1 
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area under the custody of the Project Manager. QES maintains all GC/MS raw data files on 
tapes or other magnetic media for an indefinite period. This data will be available upon request. 
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11. INTERNAL QUAUTY CONTROL 

The Internal quality control checks will Include field blanks, method blanks, surrogate spikes, 
duplicate analyses, monitoring of Intemal standard area, and matrix spike analyses. Each quality 
control check has a specific level of performance which will be reevaluated In an ongoing basis 
and amended as appropriate through mutual agreement of the EPA, MPCA, and City. The 
specific details are presented below. 

11.1 Low-Level and Non-Criteria PAH Analyses 

Internal quality control checks for the Low-Level and Non-Criteria PAH analyses will consist of 
method blanks analysis, surrogate compound analysis, matrix spike analysis, analysis of 
duplicate samples, and monitoring of Internal standard areas. 

11.1.1 Method Blank Analysis 

A method blank consists of delonlzed, distilled laboratory water carried through the entire 
analytical scheme (extraction, concentration, and analysis). The method blank volume must be 
approximately equal to the sample volumes being processed. 

Method blank analyses are performed at the rate of one per case\ each 14 calendar day period 
during which samples In a case are received, with every 20 samples of similar concentration 
and/or sample matrix, or whenever samples are extracted by the same procedure, whichever 
Is most frequent. 

Different control limits have been established relative to method blanks for the Low-Level and 
Non-Criteria analyses since the target compounds In Table 8-1 are present as 'laboratory 
contaminants' In method blanks at the ppt concentration level. 

For the Low-Level analyses, an acceptable method blank analysis must not contain any 
carcinogenic PAH In Table 8-1 at concentrations greater than or equal to the Method Detection 
Limits (MDL) In Rgure 10-1 or any non-carclnogenic PAH at a concentration greater than five 
times the MDL. For the Non-Crlteria analyses, an acceptable method blank does not contain 
any PAH In Table 8-1 above ten micrograms per liter. If the method blanks do not meet these 
criteria, the analytical system Is out of control and the source of the contamination must be 

^ A case Is a group or a set of samples collected from a particular site over a given period 
of time. 
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investigated and corrective measures taken and documented before further sample analysis 
proceeds. 

11.1.2 Surrogate Compound Analysis 

As detailed in the QES SOP (Appendix B). the laboratory will spike all samples and quality 
control samples with deuterated PAH surrogate compounds. The surrogate compound will be 
spiked Into the sample prior to extraction to measure Individual sample matrix effects associated 
with sample preparation and analysis. 

QES will take corrective action whenever the surrogate recovery Is outside the acceptance criteria 
shown below. The corrective action is described in Section 15 of this QAPP. 

In addition, if the recovery of any surrogate is less than 30 percent, the narrative will list the 
sample together with a comment concerning a possible low bias to the sample result. 

Acceptance CrHeria % 

Surrogate Low-Level Non-Criteria 

Naphthalene^ 21 - 108 37 -107 

Ruorene<l10 41 -162 36 -127 

Chrysened12 10-118 25 -160 

11.1.3 Matrix Spike/Matrix Spike Duplicate Analysis 

Low-Level PAH matrix spike and matrix spike duplicate samples will be analyzed as outlined in 
the QES SOP (Appendix B). Non-Criteria PAH matrix spike and matrix spike duplicate samples 
will be analyzed pursuant to applicable criteria of CLP SOW Document OLM01.8, or most recent 
version. 

The laboratory will spike and analyze 5 percent matrix spike and matrix spike duplicate samples. 
QES will spike seven representative compounds Into water. These compounds and the spiking 
levels are listed below: 

Low-Level (ng/L) Non-Criterie (rig/L.) 

Naphthalene 10 50 

Fluorene 10 50 
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Low-Level (ng/L) Non-Ciiteila (iig/IJ 

Chrysene 10 50 

Indene 10 50 

Quinoline 10 50 

Benzo(e)pyrene 10 50 

2-methylnaphthalene 10 50 

rhe matrix spike criteria for data validity are as follows: 

• The Matrix Spike - Matrix Spike Dupiicate average for each spike compound must 
fall between the established acceptable limits. 

Matrix Spike Umits 

Compound Low-Level Non-Criteria 

Naphthalene 20 -150 43-128 

Fiuorene 69-118 51 -120 

Chrysene 20-132 43-124 

IH-lndene 20-150 49-108 

Quinoline 20 -150 40-126 

Benzo(e)pyrene 20-150 20-150 

2-methylnaphthajene 20 - 150 47-138 

• Only one compound can be below its required minimum percent 
recovery. These minimum percent recoveries are: 

1. 
2. 

10 percent for chrysene and benzo(e)pyrene 
20 percent for ail other compounds 

Corrective action wili be performed if these criteria are not achieved as described in Section 15. 
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11.1.4 Duplicates 

Relative percent difference between duplicates will be calculated for each detected compound 
per procedures outlined in Section 14.3 of this QAPP. 

11.1.5 internal Standard Areas 

The area of the internal standard will be monitored on each analysis. The area from the daily 
calibration standard will be used to set a daily acceptance criteria. If the internal standard areas 
in sampies changes by more than a factor of two (-50 percent to +100 percent) from the daily 
standard, corrective action must be performed. Additionally, the retention times of intemal 
standards must agree to +/-30 seconds of the daily standards. 

11.2 Extended Analysis 

The intemal quality controi checks for Extended Anaiyses wiii consist of surrogate spikes, matrix 
spikes, matrix spike duplicates, method blanks, etc. as described in CLP SOW Document 
OLM01.8, or most recent version. The acceptance criteria are as defined in the SOW. 

11.3 Phenoiics 

The internal quality control checks for phenoiics will mimic those for inorganics in the CLP 
program and will include the analysis of a method blank, a laboratory check standard, a matrix 
spike sample, a matrix spike duplicate, and a duplicate sample. The specific details for each of 
these QC checks are summarized below. 

11.3.1 Blanks 

A 'Preparation Blank' is analyzed with each batch of 20 samples. This blank is carried through 
the entire procedure, including the distillation step. Additional blanks, termed 'Initial Calibration 
Blank' (ICB) and 'Continuing Calibration Blank', (CCB) are also analyzed. These blanks are 
used only to evaluate the determinative step and are not distilled. They are analyzed at a 
frequency of one ICB per 20 samples and one CCB per ten samples. 

An acceptable blank must not contain phenoiics above the nominal reporting limit of five 
micrograms per liter. If any of the blanks contain phenoiics above five micrograms per liter, the 
system is out of control and corrective action must be performed. 
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11.3.2 Laboratory Check Standard 

The initial calibration is verified by the analysis of an ICV check standard. A continuing 
calibration verification (GOV) check standard is analyzed at a frequency of one per ten samples. 
The measured value for the ICV and CCVs must be within 90 to 110 percent of the true value 
(these limits are from EPA's Method 420.4, August 1993) for the anal^cal run to be accepted. 
If a GOV fails, all the samples analyzed after the last successful GGV must be reanalyzed. 

The laboratory uses a phenol standard obtained from a different source than the calibration 
check standards for the laboratory check standard (LGS). A minimum of one LGS must be 
analyzed with each batch of prepared samples. The LGS is processed with the samples through 
all steps of the procedure. The control limits for the LGS are 72 to 115 percent (these limits are 
statistically based on the laboratory's past performance on the method). If these limits are not 
met, the associated samples must be reanalyzed. 

Quality control charts are used by analysts when trouble-shooting method problems and by the 
OA office as part of the annual update of historical control limits. The quality control charts are 
maintained in the OA office. 

If the measured values from the check standards are not within control limits, the system is out 
of control and corrective action must be performed. 

11.3.3 Matrix Spikes/Matrix Spike Duplicates 

As for the other tests, matrix spikes and matrix spike duplicates will be performed at a frequency 
of five percent. The spike level is 50 micrograms per liter. The recovery of the matrix spike must 
be between 75 percent and 125 percent. Gorrective action is performed if these criteria are not 
achieved. 

11.3.4 Duplicates 

Field duplicate analyses are performed at a frequency of ten percent. Gorrective action is 
performed if the relative difference from the duplicate anaiysis is greater than 70 percent. 

11.4 Analyst Technical Certification 

All analysts must demonstrate their abiiity to perform any analytical SOP before they are allowed 
to analyze project samples. This is demonstrated through the successful analysis of two 
consecutive sets of proficiency QG samples. Each set of proficiency samples consists of two 
spiked aliquots of a control mix and one method blank, the spike concentrations and acceptance 
limits are the same as for the LGSs described in the SOP. All proficiency data must be reviewed 
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by the supervisor and a representative of the QA office. The QA manager submits to the 
department supervisor a written report or certificate of proficiency indicating either need for 
corrective action or acceptable performance. The proficiency certificate is included in the 
employee's training file. 
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12. PERFORMANCE AND SYSTEM AUDITS 

The ability of the Sampling Team to successfully monitor pumping wells and monitor wells, and 
the ability of the laboratory to successfully analyze ground water samples will be confirmed by 
a series of audits conducted in conjunction with the implementation of the ground water 
monitoring program established in the CD-RAP. 

12.1 Field Audits 

EPA Region 5 Central Regional Laboratory (CRL) and the Central District Office (CDC) are 
responsible for the external audits of field activities, including field sampling and measurements, 
for compliance of requirements specified for this project. The Quality Assurance Manager and/or 
Reld Team Leader of ENSR will be responsible for Internal audits to see if field sampling and 
measurements are properly followed. Currently, no field audit has been scheduled. Results of 
any field audit will be forwarded to the EPA and MPCA In accordance with Section 16. 

12.2 Laboratory Audits 

QES participates in a variety of federal and state certification programs, (including the EPA CLP), 
that subject the laboratory to stringent systems and performance audits on a regular basis. A 
svstem audit is a review of laboratory operations conducted to verify that the laboratory has the 
necessary facilities, equipment, staff and procedures in place to generate acceptable data. A 
performance audit verifies the ability of the laboratory to correctly identify and quantitate 
compounds in blind check samples submitted by the auditing agency. The purpose of these 
audits is to identify those laboratories that are capable of generating scientifically sound data. 
Section 15.2.4 discusses audits in more detail. A laboratory audit has been tentatively scheduled 
for winter of 1996. Results of the audit will be forwarded to EPA and MPCA in accordance with 
Section 16. 

12.2.1 External Audits 

QES will be subjected to EPA performance and system audits for approval/ disapproval specific 
to the requirements of this program. The Laboratory Scientific Support Section (LSSS) of EPA 
Region 5 CRL is responsible for the audits. 

12.2.2 Internal Audits 

In addition to extemal audits conducted by EPA Region 5 CRL, the City and/or Northwest 
Regional Quality Assurance Manager of ENSR (officed in Fort Collins, Colorado), will be 
responsible for at least biennial auditing of the QES laboratory. Audit procedures will include 
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both system audits and performance audits as necessary to satisfy the City that QES is capable 
of rendering satisfactory laboratory services under this QAPP (see Rgure 12-1 for the C'rty of St. 
Louis Park Audit Checklist). Also, ENSR performs its own audit for file completeness and 
content. 
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CITY OF ST. LOUIS PARK AUDIT CHECKLIST 

Sample Receivino YES NO 
Are refrigerator/cold storage area temperatures recorded daily and 
are records properly maintained? 
Comments: 

Are sample chain-of-custody forms completed properly? 
Comments: 

Are the temperatures of the coolers being checked and recorded? 
Comments: 

Are volatile samples stored separately? 
Comments: 

Is access to sample storage area restricted? 
Comments: 

Data Review 
Are all calculations checked by the analyst for accuracy and 
completeness? 
Comments: 

Are anomalies documented and reported? 
Comments: 

What corrective actions are taken when the analytical results fail 
to meet QC criteria? 
Comments: 

Standard Preparation 
Are Class S weights used to check the balances? 
Comments: 

Are non-EPA and non-NBS neat materials compared to EPA or NBS 
whenever possible? 
Comments: 

Have expired standards and reagents been discarded? 
Comments: 

Inorganics 
Is the conductivity of the Milli-Q water system checked daily and 
recorded? 
Comments: 

Is linearity verified (correlation coefficient of at least 0.995) 
before sample analysis? 

Figure 12-1 City of St. Louis Park Audit Checklist 
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Figure 12-1 (continued) 
YES NO 

If the CCV does not meet acceptance criteria, is the system 
recalibrated and are all affected samples reanalyzed? 
Comments: 

Organic Extraction 

Are all reagents and solvents screened for potential contamination? 
Comments: 

What is the source of reagent water? 
Comments: 

Are spiking solutions and standards prepared from separate stocks? 
Comments: 

Is glassware cleaned appropriately? 
Comments: 

Are the hood airflows checked and how often are they checked? 
Comments: 

6C/MS Lab 

Are current SOP's available for all personnel in the area? 
Comments: 

Is preventive maintenance performed on all Instruments? 
Comments: 

Have MOL studies been performed on all methods? 
Comments: 

Are method blanks analyzed with every batch of samples? 
Comments: 
Are results of QC samples verified to determine if QC criteria has 
been met before sample analysis begins? 
Comments: 

Are QC results which are outside of acceptance limits checked for 
error? 
Comments: 

Are corrective actions taken as necessary and documented and 
samples reprepped/reanalyzed? 
Comments: 

Are logbooks reviewed periodically, as indicated by the signature/ 
date/comments of the reviewer? 
Comments: 
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13. PREVENTIVE MAINTENANCE 

Since instrumental methods of analysis require properly maintained and calibrated equipment, 
the operation and maintenance of modern analytical instrumentation is of primary importance 
in the production of acceptable data. In order to provide this data, QES subscribes to the 
following programs: 

• Maintenance agreements/service contracts with instrument manufacturers 
• Laboratory preventive maintenance program 

13.1 Service Contracts 

Analytical equipment utilized by QES laboratory personnel for this project are covered by 
maintenance agreements with the instrument manufacturers. These manufacturers provide for 
both periodic "preventive" service calls as well as the non-routine or emergency calls. 

13.2 instrument Logbooks 

The primary purpose of the maintenance program is to prevent instrument and equipment failure 
and to minimize down time. A properly implemented maintenance program increases the 
reliability of a measurement system. 

individual instrument logbooks are maintained for each piece of equipment and located near the 
instrument. General information contained in the logbooks include: 

• Inventory information: Equipment name, model number, serial number, 
manufacturer, date of acquisition, original cost 

• Service tasks and intenrals: Cleaning, calibration, operation based on the 
manufacturer's recommended schedule, and previous laboratory experience 

• Service record: Date of breakdown, date of return to service, downtime, 
problems, repairs, cost of repairs, who performed the repairs, parts required, etc. 

• Calibration/performance checks 

• Daily operational notes 

Analysts are referred to manufacturers' operating manuals for specific procedures to be followed 
in the operation and/or maintenance of the individual instruments. 
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Within each laboratory, a Service Coordinator is assigned he responsibility for overseeing the 
instrument maintenance program. Group Leaders and analysts actually implement and 
document the maintenance program. 

Each instrument or piece of equipment shall be uniquely identified. Each operating unit shall 
maintain the following: 

o Instrument/equipment inventory list 
o Instrument/equipment major spare parts list or inventory 
o External sen/ice agreement documents (if applicable) 
o Instrument-specific preventive maintenance logbook or file for each functional unit 

The record of maintenance shall include at a minimum: 

o Actions taken, including parts replaced 

o Analyst initials and the date maintenance was performed whether by the analyst 
or a contracted senrice representative 

QES documents and describes in detail instrument or equipment preventive maintenance in 
operation-specific SOPs. SOPs are specific to the type of instrument or equipment being used 
for sample analysis. Preventive maintenance schedules for instruments used at QES are shown 
in Tables 13-1 and 13-2. 

13.3 Field Equipment 

All field equipment shall be inspected daily for damaged or missing pieces, which will be 
replaced as needed. 

13.3.1 Thermometer 

The field worker will handle the thermometer with care to presen/e its measurement integrity. 
After each use, the thermometer will be rinsed with de-ionized or potable water, wiped dry, and 
returned to its protective case. 

13.3.2 Water Level Measurement Tape 

Before each use, the battery will be checked using the equipment's element test function, and 
replaced if necessary. The tape and probe will be wiped clean and rinsed with de-ionized or 
potabie water after each use. 
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TABLE 13-1 
instrument Maintenance Schedule 

Gas Chromatography^' 

Dafly As Needed Quarteriy/Semi-aiinuaBy/Aiunially 
Check for sufficient supply of 
carrier and detector gases. Check 
for conea column flow and/or 
inlet pressures. 

Rqrlace front portion of colurrm 
packipg or break off front portion 
of capillary columns. Replace 
column if tUs fails to restore 
column performance or when 
column performance (e.g. peak 
tailing, poor resolution, high 
backgrounds, etc.) indicates it is 
required. 

Quarterly ECLD: change roughing 
resin, clean cell assembly. 

Check temperatures of injeaors 
and detectors. Verify temperature 
programs. 

Change glass wool plug in 
injection port and/or replace 
injection port liner when front 
portion of colurrm packing is 
changed or front ponion of 
capillary column is removed. 

Semi-annually ECD: perform wipe 
test. 

Check inlets, septa. When using 
HP7673 autosampier. change septa 
daily. 

Replace sepuim (approximately 
every 1(X) injections). 

Annually ELCD: charige firushing 
resin, clean solvent filter. 

Check baseline level. Perform gas purity check (if high 
baseline indicates that impure 
carrier gas may be in use). 

Check reactor temperature of 
electrolytic conductivity detector. 

Rqrlace or repair flow controller 
if constant gas flow cannot be 
maintained. 
Replace fuse. 
Reactivate external carrier gas 
dryers. 
Detectors: clean when baseline 
indicates contamination or when 
response is low. 
FID: clean/replace jet. rqrlace 
ignitor. 
NPD: clean/replace collector 
assembly. 
FID: clean lamp window, replace 
seals. 
E(XD: check solvent flow 
weekly, change reaction tube, 
rqrlace solvent, change reaction 
gas. clean/rq)lace Teflon transfer 
line. 
Reactivate flow controller filter 
dryers vdien presence of moisture 
IS 
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TABLE 13-1 
Instrument Maintenance Schedule 

Gas Chromatography' 
(Continued) 

Daily As Needed Qnarteriy/Semi-annnally/AiuiiiaUy 
(oondiuied) HP 7673 Autosanqiler. replace 

^nge, fill wash bottle, dispose 
of waste bottle contents. 
Purge & trap devices: periodic 
leak checks, rqilace/condition 
traps (when poor response or 
di^pearance of reactive or 
poorly trapped compounds), clean 
satriple lines, valves (if they 
become contaminated), clean 
glassware. 
Purge & trap autosamplers: leak 
check system, clean sample lines, 
valves. PTA-30 autosampler also 
requires cleaning the syringes, 
frits, valves, and probe needles, 
adjustment of micro switches, 
replacement of Teflon valve 
bleck, and lubrication of 

(continued) 



QUAUTY ASSURANCE PROJECT PLAN 
Page: 74 of 90 
Date: Oct. 1995 
Number: RAP 3.3 
Revision: 0 

TABLE 13-2 

Instrument Maintenance Schedule 
Spectrophotometer^ 

As Needed Dally Monthly Annually 

Dust ttw lamp and front of the front lens. Check the zero percent T adjustment Perform wavelength calibration at 530 mm. Oil Itearings. 

r\ensr\162(H)13\r8.tab 
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13.3.3 Hydrolab 

The hydrolab instrument shall be maintained in accordance with the manufacturer's 
requirements, in particular, the battery will be checked daily, and replaced if necessary. The 
instrument shall be operated and stored at temperatures above freezing, to avoid damaging the 
instrument. After each use, the instrument will be rinsed with potable or de-ionized water, wiped 
dry and returned to its storage container. The sonde unit must be covered with its protective, 
water-filled cap. 
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14. SPECIHC PROCEDURES TO ASSESS DATA PRECISION, ACCURACY AND 
COMPLETENESS 

A quality control program is a systematic process that controls the validity of analytical results 
by measuring the accuracy and precision of each method and matrix, developing expected 
control limits, using these limits to detect errors or out-of-control events, and requiring corrective 
action techniques to correct, prevent or minimize the recurrence of these events. The quality 
assessment techniques described below consist of the techniques used to assure that statistical 
control has been achieved. 

The accuracy and precision goals for this project are specified in Section 11. The definitions of 
accuracy, precision, and completeness, as well as the goal for completeness for this project are 
discussed in Section 5. 

The accuracy and precision of sample measurements are influenced by both external and 
internal factors. Extemal factors or errors are those associated with field collection and sample 
transportation. Internal factors or errors are those associated with laboratory analysis. External 
factors are defined briefly in Section 14.1. Internal factors are defined in Section 14.2. 

14.1 External Components 

The results for quality control samples taken in the field represent the best estimates of accuracy 
and precision for the samples, since these values reflect the entire process from samples 
collection through sample analysis. The frequency of these control samples is described in 
Sections 5 and 6. Below is a brief description of the information provided by each of these 
control samples: 

• Reld blank - provides an estimate of bias based on contamination; includes 
effects associated with sample preservation, shipping, preparation, and analysis. 

• Reld collected samples or duplicates - independent samples collected at the 
same point in space and time. These give the best measurement of precision for 
sample collection through analysis. 

14.2 Internal Components 

The results of quality control samples created in the laboratory represent estimates of analysis 
and precision for the preparation and analysis steps of sample handling. This section describes 
the quality control-type information provided by each of these analytical measurements. The 
frequency of each of these measurements is discussed in Sections 5 and/or 11. 
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o Surrogates - provide an estimate of bias based on recovery of simiiar compounds, 
but not the compounds analyzed, for each sample, preparation and analysis. 

o Intemal standard - an analyte that has the same characteristics as the surrogate, 
but is added to the sample extract just prior to analysis. It measures bias or 
change in instrument performance from sample to sample, incorporating matrix 
effects associated with the analysis process only. 

o Matrix spikes/Matrix spike duplicates • the matrix spike is added prior to 
preparation and analysis. The analyte used is the same as that being analyzed 
and usually Is added to a selected few samples in a batch of analyses. It 
incorporates matrix effects associated with the laboratory analysis. 

o Method blanks - provide an estimate of bias based on contamination. 

14.3 Calculation Techniques 

The quality assessment procedures described above require calculations of relative percent 
difference (duplicate analyses) and percent recovery (matrix and surrogate spikes). The 
techniques for performing these calculations are described below. 

o Precision • is the degree to which the measurement is reproducible. Precision is 
assessed by duplicate measurements by calculating the Relative Percent 
Difference (RPD) between duplicate measurements. The RPD is calculated as 
follows: 

RPD = ^ X100 
(D, + Zy/2 

vyhere: RPD = relative percent difference 
D, = first sample value 
Dg = second sample value (duplicate) 

o Accuracy - is a determination of how close the measurement is to the true value. 

The determination of the accuracy of a measurement requires a knowledge of the 
true or accepted value for the signal being measured. Accuracy may be 
calculated in terms of percent recovery as follows: 
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Percent Recovery = * 100 

where: X = the observed value of measurement 
T = "true" value 

Completeness - is a measure of the amount of valid data obtained from a 
measurement system compared with the amount that was expected to be 
obtained under correct normai conditions. 

To be considered complete, the data set must contain ali QC check analyses 
verifying precision and accuracy for the anaiyticai protocol, in addition, all data 
are reviewed in terms of stated goals in order to determine if the database is 
sufficient. 

When possible, the percent completeness for each set of samples is calculated 
as follows: 

Completeness = cloned ^ 
total data planned 

Comparability - expresses the confidence with which one data set can be 
compared to another data set measuring the same property. Comparability is 
ensured through the use of established and approved analytical methods, 
consistency in the basis of analysis (wet weight, volume, etc.), and consistency 
in reporting units (ppm, ppb, etc.). 
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15. CORRECTIVE ACTION 

Corrective actions are required whenever an out-of*control event or potential out-of-controi event 
is noted. The investigative action taken is somewhat dependent on the analysis and the event. 

Laboratory personnel are alerted that corrective actions may be necessary if: 

o 00 data are outside the warning or acceptable windows for precision and 
accuracy 

o Blanks contain target analytes above acceptable levels 

o Undesirable trends are detected in spike recoveries or RPD between duplicates 

o There are unusual changes in detection limits 

o Deficiencies are detected by the OA department during internal or external audits 
or from the results of performance evaluation samples 

o Inquiries concerning data quality are received 

Corrective action' procedures are often handled at the bench level by the analyst, who reviews 
the preparation or extraction procedure for possible errors, checks the instrument calibration, 
spike and calibration mixes, instrument sensitivity, and so on. if the problem persists or cannot 
be identified, the matter is referred to the laboratory supervisor, manager and/or QA department 
for further investigation. Once resolved, full documentation of the corrective action procedure 
is filed with the QA department. 

Generally, out-of-control events or potential out-of-control events are noted on an out-of-control 
event form (see Figure 15-1). This form is part of the data package and, thus, must be 
completed prior to data approval. If an out-of-control event does occur during analysis, for 
instance, a surrogate recovery falls out the expected range, the analyst must describe on this 
form: the event, the investigative and corrective action taken, and the cause of the event, and 
notify the Laboratory Quality Control Director. In some cases, investigation of an out-of-control 
event will reveal no problems. In such cases, the data are flagged and footnoted on the 
appropriate forms. The out-of-control event and the investigative action is documented in the 
narrative. If an out-of-control event is discovered during data package review, the Laboratory 
Quality Control Director notifies the supenrisor for corrective action. 
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PARAMETER QC LOT 

PROBLEM (Be specific): 

ANALYST: DATE; 

CORRECTIVE ACTION TAKEN, RESULTS OF ACTION: 

ANALYST: DATE: 

SUPERVISOR COMMENTS AND FOLLOW-UP ACTIONS/RESULTS: 

SUPERVISOR: DATE: 

QUALITY ASSURANCE APPROVAL AND COMMENTS: 

QA/QC: DATE; 

Figure 15-1 Out of Control Form 
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15.1 Low-Levei and Extended PAH Anaiyses 

15.1.1 Surrogates 

As discussed in Section 11.1.2, corrective action wiii be performed whenever the surrogate 
recovery is outside the following acceptance criteria: 

Acceptance Criteria % 
Surrogate Low-Level Non-Criteria 

Naphthalene-d8 21 -108 37 -107 

Fluoren«110 41 -162 36 -127 

Chrysene-d12 10-116 25-160 

The following corrective action will be taken when required as stated above: 

1. Check calculations to assure there are no errors 

2. Check internal standard and surrogate solutions for degradation, contamination, 
etc., and check instrument performance. 

3. If the upper control limit is exceeded for only one surrogate, and the instrument 
calibration, surrogate standard concentration, etc. are in control, it can be 
concluded that an interference specific to the surrogate was present that resulted 
in the high recovery and this interference would not affect the quantitation of other 
target compounds. (The presence of this type of interference can be confirmed 
by evaluating the chromatographic peak shapes and ion intensities of the 
surrogates.) 

4. If the surrogate could not be measured because the sample required a dilution, 
no corrective action is required. The recovery of the surrogate is recorded as D 
with the note surrogate diluted out. 

5. Reanalyze the sample or extract if the steps above fail to reveal a problem, if 
reanalysis of the extracts yields surrogate spike recoveries vnthin the stated limits, 
then the reanalysis data will be used. Both the original and reanalysis data will 
be reported and documented in the narrative. 
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15.1.2 Matrix Spikes/Matrix Spike Duplicates 

The matrix spike criteria for data validity are as foliows: 

• The Matrix Spike - Matrix Spike Duplicate average for each spiked compound 
must fail between the established acceptable limits (refer to Section 11.1.3 for 
limits). 

• Only one compound can be below its required minimum percent recovery. 

If the matrix spike criteria are not met, the matrix spike analysis will be repeated or a laboratory 
control sample (LOS) will be analyzed. If the subsequent matrix spike analysis or the LOS 
analysis meets the criteria, the data will be considered valid. Both matrix spike and surrogate 
spike recoveries will be used in assessing QA/QC for QES's analytical work. 

15.1.3 Blanks 

If non-carcinogenic PAH are detected in any Low-Level QC method blanks above the MDL but 
less than five times the MDL, the corrective action wiil consist of flagging the data and 
investigating the source of the problem to implement a corrective action for future work, if the 
concentration of carcinogenic PAH in the method blank exceeds the MDL or the concentration 
of non-carcinogenic PAH in the method blank exceeds five times the MDL, additional corrective 
action, including but not limited to, reanalyses of the blank and reanalyses of the samples may 
be required. 

If target compounds are detected in Non-Criteria method blanks above ten micrograms per liter, 
the corrective action will consist of flagging the data and investigating the source of the problem 
to implement a corrective action for future work. 

The relative concentration of compounds in both the samples and the blank are assessed as part 
of this corrective action. The results of these activities are documented in the narrative. 

15.2 Other Corrective Actions 

These sections discuss corrective actions which will be taken in the event that a sample or 
sample extract is lost or destroyed during shipment, storage or analysis, or in performance and 
system audits. 
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15.2.1 Samples 

In order to minimize the possibiiity of sampie destruction during shipment, six 1-liter bottles will 
be taken for ail Low-Level (ppt) samples. For all samples, field blanks and matrix spikes and 
duplicates, subsequent extraction and analysis will be conducted on four intact 1-liter bottles. 
All field blank duplicates will be extracted and held. In the event that the field blank is lost during 
analysis or invalidated, the duplicate field blank will be analyzed and reported. Additional sample 
matrix will be required for matrix spike analyses. 

If less than four liters of a sample remains after shipment and storage for analysis, the Program 
Manager will be notified and another sampie will be coiiected and shipped to the laboratory for 
analysis. The analysis report for the sample batch containing the affected sample will clearly 
note in the discussion section that a replacement sample was taken. 

15.2.2 Sample Extracts 

if a sample extract is broken or lost during anaiysis, the Program Manager will be notified and 
wili be responsible for determining the need for replacing the lost sampie. The analysis report 
for the sample batch containing the affected sampie will clearly note in the discussion section 
the action taken. 

15.2.3 Quality Control Samples 

if a method blank, or matrix spike and its duplicate is lost or broken during analysis, a 
replacement QC sample will be sampled and analyzed. The anaiysis report will clearly note that 
a replacement QC sampie was analyzed. 

If a field blank is lost or broken during shipment, storage, or anaiysis, its duplicate will be 
analyzed. The analysis report for the sample batch associated with the field blank will clearly 
note the occurrence in the discussion section. 

15.2.4 Audits 

Audits of QES are performed to assess the degree of adherence to policies, procedures, and 
standards. These assessments are conducted Internally by QES personnel and externally by 
clients and regulatory agencies. Audits can identify areas for improvement with regard to 
compliance with policies, procedures, and standards. Audits also provide a means for correction 
prior to system failure. The following types of audits and assessments are performed at QES. 

• Performance Audits 
• Systems Audits 
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• Data Audits 
• Spot Assessments 
• Compliance Audits 

Internal audits are generally conducted by QA staff, although periodic self-audits may be 
conducted by the operational units. Audits and assessments are generally conducted through 
the use of checklists and appropriate reference documents. Systems and compliance audits are 
conducted with an opening meeting in which representatives from management, key operational 
staff, and QA staff participate. The opening meeting provides a review of the objectives of the 
audit and the schedule required to conduct the audit. At the completion of the audit, a debriefing 
is held to outline the findings, including identification of positive performance, to discuss 
requirements in areas of deficiencies, and to answer questions. Spot assessments are generally 
more informal than systems or compliance audits, and may be conducted without prior 
scheduling. 

The findings of all audits and assessments are documented as is the laboratory response and 
any corrective actions. Follow-up checks are performed and the status of implementation of 
corrective actions is documented for all categories of audits and assessments. This cycle 
continues until all issues are closed. 

15.2.4.1 Performance Audits 

Performance audits or performance evaluations are conducted to verify the ability of the 
laboratory to correctly identify and quantitate compounds in check samples. These samples 
may be supplied internally or externally as blind or double-blind samples. These samples 
demonstrate data quality through statistical analysis. The results of internal performance audits 
may be used to document the training level of the analyst performing the work or to assess the 
overall performance of the facility. Periodic double-blind performance audits are conducted by 
QES to assess all aspects of laboratory performance from project initiation through anaiysis and 
reporting. Each laboratory QA Manager is responsible for ensuring that performance audit 
sample(s) are analyzed quarterly (either external or internal). 

The results of each performance audit shall be reported to laboratory management. All 
performance audit results which are identified as unacceptable must be investigated. It is 
recommended that any results which are flagged as exceeding the warning limits, but within the 
control limits for the study shall also be reviewed. The findings of the investigation and corrective 
action taken must be documented. This documentation for all external performance audits shall 
be provided to the agency or client supplying the audit, as well as being included in the QA 
monthly report to management. 



QUAUTY ASSURANCE PROJECT PLAN 
Page: 85 of 90 
Date: Oct. 1995 
Number: RAP 3.3 
Revision: 0 

15.2.4.2 Systems Audits 

A systems audit assesses fulfillment of the QES Quality Management Plan (OMR) and the state 
of the QES Quality Management System (QMS). Eacfi laboratory undergoes numerous systems 
audits performed by external parties, Including certifying agencies and clients. 

15.2.4.2.1 Internal System s Audits 

An annual systems audit will be performed under the direction of the Corporate Director of QA. 
This audit Is performed to assess each laboratory's adherence to the requirements of the QMP 
and QAMP and to assess the status of corrective actions from other audits at that facility. 

The Corporate Director of QA shall appoint a lead auditor to conduct the systems audit. A 
corporate audit checklist shall be used. The lead auditor has the authority to lengthen the audit, 
revise the scope of the audit, stop work, or specify an accelerated schedule for re-audlt. The 
lead auditor shall be responsible for preparing a report detailing the results of the audit. The 
report shall be submitted to the audited Laboratory Director and Laboratory QA Manager within 
four weeks of the audit. Copies of the report shall t:>e distributed to the Regional QA Director, 
the Regional Operations Vice President, the Senior Vice President of Operations Services, and 
the President. The audited laboratory must respond n writing within four weeks of receiving the 
audit report. 

The audit report shall have the following sections: 

• Introduction 
• Purpose 
• Scope 
• Summary 
• Findings 
• Comments 

Findings are defined as those non-compliant p actlces which require corrective action. 
Comments are considered advice and do not require a corrective action response. It is the 
responsibiilty of the QA Manager at each facility to velrlfy Implementation of the corrective actions 
and close all Internal audit findings. This process shall be documented and the report shall be 
provided to the recipients of the original audit report. 

Internal audit reports shall be maintained according to the QES Record Retention Policy as 
confidential documents and shall not be released for use outside the laboratory. External 
auditors may view Internal audit reports as part of their on-site audit. 
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15.2.4.2.2 Externai Systems Audits 

Audits of QES are performed by external agencies and clients. All scheduled audits shall be 
placed cn the facility's calendar with the knowledge of the Laboratory Director and the 
Laboratory QA Manager to assure no scheduling conflicts occur and that appropriate staff will 
be available to meet the agencies or client's objectives. 

All deficiencies reported to the laboratory must be satisfactorily responded to in a timely manner. 
Corrective actions taken must also be documented. A copy of the external audit report and the 
laboratory's response, documenting corrective actions, must be provided to the Laboratory 
Director, the Regional Director of QA, the Corporate Directory of QA, and the Vice President and 
General Manager of Laboratory Operations, it Is the responsibility of the QA Manager to verify 
implementation of the corrective actions and close all findings from the audit. 

15.2.4.3 Data Audits 

Data audits will be routinely performed and documented to ensure that project records meet 
project requirements as described in method SOPs, project plans, or other documented 
requirements. The data audit is used to identify any lab errors that may have occurred. The 
laboratory QA Manager is responsible for performing data audits as specified in QA Policy No. 
QA-005. 

15.2.4.4 Spot Assessments 

Spot assessments are conducted to monitor or observe a process or activity in order to verify 
conformance to the specified requirements for that activity. These assessments are performed 
monthly, unless a systems audit or follow-up audit is performed by the QA Manager or Corporate 
QA office. The scope of the assessment is determined by the QA Manager and may be directed 
based on information obtained from client inquiries, trends in recorded non-conformances, 
performance audits, or other sources. A spot assessment may be used to assess a procedure 
performance relative to the documented SOP. This assessment identifies deviations from 
requirements that may not be detected in a detailed review of the data package alone. Such an 
assessment is conducted by observation of the associates performing the task compared with 
the documented SOP. in some cases, the assessment may be conducted through interviews 
with the associate when observation of a task is not possible. Review of relevant documentation 
for the completed procedure is included in such an assessment. A checklist may be used in 
conducting the assessment. The results of the assessment are documented, as are the 
corrective actions. All deficiencies noted as a result of a spot assessment must be corrected by 
the responsible staff in a timely manner. 
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15.2.4.5 Compiiance Audits 

Compliance audits may consist of any combination of the previously described audits. A 
compiiance audit is conducted to ensure that the laboratory is performing according to explicit 
contract requirements. These requirements may be stated in a contract, QAPjP, Statement of 
Work, analytical methods, or some combinatiori of these documents, in addition, a compiiance 
audit may include assessment of the administrative requirements of the contract, such as small 
business subcontracting plans, invoices, and notifications. The technical aspects of the 
compiiance audit are assessed by the QA staff whiie the administrative aspects are assessed by 
a representative of the Contract Compiiance Officer. Compiiance audits are initiated at the 
request of the Contract Compiiance Officer. 
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16. QUALITY ASSURANCE REPORTS TO LABORATORY MANAGEMENT 

Executing and administering an effective QA program in a large and complex laboratory system 
demands the skills of a highly qualified staff. The organizational structure of QES's Quality 
Assurance Group (Figure 16-1) provides a disciplined national management network which 
oversees and regulates all laboratory QA functions. 

QES's Quality and Technology Group is headed by the Vice President of Quality Assurance, who 
reports directly to the Senior Vice President of Operations. This position is responsible for 
oversight of a services program which monitors and controls laboratory operations. This involves 
the intricate process of developing QA manuals, QC protocols, training programs, SOPs, uniform 
statistical data, interlaboratory and intralaboratory performance evaluation studies, and internal 
auditing programs. The Vice President of Quality Assurance and Technology is responsible for 
the administration and implementation of the QA program at all QES laboratories. 

Laboratory QA activities are specifically designed to fulfill the requirements of both the individual 
laboratoiy and QES. Directing these activities are the Corporate Director of Quality Assurance 
who wot1<s closely with the Regional Quality Assurance Director, who in tum enforces and 
monitors the program. 

Because a QA program undergoes its most stringent test at the laboratory level. Laboratory QA 
Managers hold a cornerstone position in the organizational structure. QES QA Managers are 
highly skilled analytical scientists, knowledgeable in all aspects of laboratory operations. Their 
responsibilities include diagnosing quality defects and resolving problems with the analytical 
system; conducting performance evaluation studies, in-house audits, and walk-throughs; 
performing statistical analyses of data; auditing spike sample results; enforcing chain-of-custody 
procedures; assisting in the development of QA manual, SOPs and QC protocols; conducting 
QA training programs; and maintaining extensive records and archives of all QA/QC data. 

Laboratory QA personnel report directly through the Regional QA Director and to Corporate 
Director of Quality Assurance. They also interface with one another in a peer evaluation and 
auditing system that encourages assistance and feedback, problem analysis, and collaboration 
on ways to improve laboratory performance. 

In conjunction with the Laboratory QA Department, laboratory directors, and managers are 
responsible for a subset of QA activities, and work closely with supervisors to evaluate daily 
laboratory functions. 

The reporting system is a valuable tool for measuring the overall effectiveness of the QA 
program. It serves as an instrument for evaluating the program design, identifying problems and 
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trends, and planning for future needs. Regional QA Directors submit extensive monthly reports 
to the Vice President of QA and to the Vice President and General Manager of Laboratory 
Operations. These reports include: 

• The results of all systems audits including any corrective actions taken 
• Performance evaluation scores and commentaries 
• Results of site visits and audits by regulatory agencies and clients; 
• Problems encountered and corrective actions taken 
• Holding time violations 
• Comments and recommendations 

The Regional QA Directors submit monthly reports to the Vice President and General Managers 
of Laboratory Operations. These reports summarize the information gathered through the 
laboratory reporting system and contain a thorough review and evaluation of laboratory 
operations throughout QES. 
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1.0 Applicability . 

This Standard Operating Procedure (SOP) is concerned with, the 
collection of valid and representative samples from ground-rajier 
monitoring veils. The scope of this document is limited to field 
operations and protocols applicable during ground-water sample 
collection. 

2.0 Responsibilities 

Tbe site coordinator or his delegate will have the responsibility to 
oversee and ensure that all ground-water sampling is performed in 
accordance with the project-specific sampling program and this SOP. In 
addition, the site coordinator must ensure that all field workers are 
fully apprised of this SOP. The field team is responsible for proper 
sample handling as specified in SOP 7510, Handling and Storage of 
Samples. 

3.0 Supporting Materials 

The list below identifies the types of equipment which may be used for 
a range of ground water-sampling applications. From this list, a 
project-specific equipment list will be selected based upon project 
objectives, the depth to ground-«rater, purge volumes, analytical 
parameters and well construction. The types of sampling equipment are 
as follows: 

o Purging/Sample Collection 

Bailers 
Centrifugal Piaap 
Submersible Pump 
Peristaltic Pump 

o Sample Preparation/Field Measurement 

pK Meter 
Specific Conductance Meter 
Filtration Apparatus 
Uater-Level Measurement Equipment 

Additional equipment to sxipport sample collection and provide baseline 
worker safety will be required to some extent for each sampling task. 
The additional materials are separated into two primary groups; 
general equipment which is reusable for several samplings, and 
materials which are expendable. 

0895J 
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• Ganerai-

Preject-specific sampling program 
Oaionized-water dispenser battle 
Hathanol-dispenser bottle 
Site-specific Health & Safety equipment (gloves, respirators, 
goggles) 
Field data sheets and/or log book 
Preservation solutions 
Sample containers 
Buckets and intermediate containers 
Coolers 
First-Aid kit 

e Expendable Materials 

Bailer Cord 
Respirator Cartridges 
Gloves 
Water Filters 
Chemical-free paper towels 
Plastic sheets 

Equipment checklists have been developed to aid in field trip 
organization and should be used in preparation for each trip. 

4.0 Water-Level Measurement 

4.1 Introduction 

Prior to obtaining a water-level measurement, cut a slit in one 
side of the plastic sheet and slip it over and around the wall, 
creating a clean surface onto which the saaipling equipment can be 
positioned. This clean working area should be a minimum of eight 
feet square. Care will be taken not to kick, transfer, drop, or 
in any way let soil or other materials fall onto this sheet unless 
it comes from inside the wall. Do not place meters, tools, 
eq^ipmeat, etc. on the sheet unless they have been cleaned first 
%rith a clean rag. 

After unlocking and/or opening a monitoring well, the first task 
trill be to obtain a water-level measurement. Water-level 
measurements will be made using an electronic or mechanical 
device. Electronic measurement devices trill be used in all wells 
wherein a clearly audible sound cannot be produced with a 
mechanical device. 

oassj 
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4.2 Well Security 

Unlock and/or open the monitoring veil. Enter a description of 
condition of the security system and protective casing on the 
Ground-Water Sample Collection Record shown in Figure 1. 

4.3 Measuring Point 

Check for the measuring point for the wall. The measuring point 
location should be clearly marked on the outermost casing or 
identified in previous sample collection records. If no measuring 
point can be determined, a measuring point should be established. 
Typically the top (highest point) of the protective or outermost 
well casing will be used as the measuring point. The measuring 
point location should be described on the Ground-Water Sample 
Collection Record and should be the same point used for all 
subsequent sampling efforts. 

4.4. Measurement 

To obtain a water-level measurement lower a clean steel, 
fiberglass tape into the monitoring well. Care nust be taken bo 
assure that the water-level measurement device hangs freely in the 
monitoring well and is not adhering to the wall of the well 
casing. The water-level measuring tape will be lowered into the 
trail until the audible sound of the unit is detected or the light 
on an electronic sounder illuminates. At this time the precise 
measurement should be detemined (to hundredth of a foot) by 
repeatedly raising and lotraring the tape to converge on the exact 
measurement. The trater-level measurement should be entered on the 
Ground-Water Sample Collection Record. As wall point of measurement 
should be indicated; i.e., top of protective casing, top of puarisar, 
ground level. 

4.5 Oeeontamination 

The. measurement device shall be decontaminated immediately after 
use trith a methanol soaked towel. Generally only that portion of 
the tape which enters the water table should be cleaned. It is 
important that the measuring tape is never placed directly on the 
ground surface. 

5.0 Purge-Volume Computation 

All monitoring wells to be purged prior to sample collection. 
Depending upon the ease of purging, 3 to 10 volumes of ground water to 
be determined by hydrogeologing prior to sampling present in a wall 

089SJ 
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shall be withdrawn prior to sample collection or one volume if well can 
be purged dry. The volume of water present in each well shall be 
computed based on the length of water column and well casing diamecer. 
The water volume shall be computed, using Figure 2. 

6.0 Well-Purging Methods 

6.1 Introduction 

Purging must be performed for all ground-water monitoring wells 
prior to sample collection in order to remove stagnant water from 
within the well casing and ensure that a representative sample is 
obtained. The follotring seetiotu explain the proper procedures 
for purging and collecting water samples from monitoring wells. 

Three general types of equipment are used for well purging: 
bailers, surface pisnps, or down-well submersible pumps. 

In all cases pH and/or specific conductance will be monitored 
during purging. Field parameter values will be entered on the 
Ground-Water Sample Collection Record along with the corresponding 
purge volume. 

6.2 Bailing 

In many cases bailing is the most convenient method for wall 
purging. Bailers are constructed using a variety of materials; 
generally, PVC stainless steel, and Teflon*. Care must be taken 
to select a specific type of bailer that suits a study's 
particular needs. Teflon* bailers are generally most "inert" 
and are used most frequently. Keep in mind the diameter of each 
monitoring well so that the correct size bailers are taken to the 
site. It is preferable to use one bailer per well; however, field 
decontamination is a relatively simple task if required. 

Bailing presents two potential problems with well purging. First, 
increased suspended solids may be present in samples as a result 
of the turbulence caused by raising and lowering the bailer 
through the irater column. High solids concentrations may require 
that total suspended solids (IDS) and the chemical character of 
solids be evaluated during sample analyses. Second, bailing may 
not be feasible for wells which require that greater than twenty 
(20} gallons be removed during purging. Such bailing conditions 
mandate that long periods be spent during purging and sample 
collection or that centrifugal pumps be used. All ground-watar 
collected from monitoring wells for subsequent volatile organic 
compound analyses shall be collected using bailers, regardless of 
the purge method. 
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6.3 Surface-Pusping 

Ground-water withdrawal using pumps located at the ground surface 
is commonly performed with centrifugal or peristaltic ptxmps. 

All applications of surface ptsaping will be governed by the depth 
to the ground-wacer surface. Peristaltic and centrifugal pumps 
are limited to conditions where ground water need only be raised 
through approximately 20 feet of vertical distance. The lift 
potential of a surface pumping system will depend upon the net 
positive suction head of the pump and the friction losses 
associated with the particular suction Line, as well as the 
relative percentage of suspended particulates. 

Surface pumping can be used for many applications of well purging 
and ground-water sample collection. In all cases, pumping cannot 
be used for the collection of samples to be analyzed for volatile 
organic compounds (VOCs). 

6.3.1 Peristaltic Ptimp 

Peristaltic pumps provide a low rate of flow typically in 
the range of 0.02-0.2 gallons/min (75-7SO ml/min). For 
this reason, peristaltic pumps are not particularly 
effective for well purging. Peristaltic pxanps are suitable 
for purging situations where disturbance of the water 
column must be Icept ni4Ti4ntai for particularly sensitive 
analyses. Peristaltic pumps are most often used in 
conjunction with field filtering of samples and therefore 
can be used to obtain water samples for direct filtration 
at the wellhead. 

6.3.2 Centrifugal Pump 
m 

Centrifugal pua^s are designed to provide a high rata of 
in the range of 10-40 gallons per minute (gpm), 

depending on pump capacity. Discharge rates can also be 
regulated somewhat provided the pump has an adjustable 
throttle. 

When centrifugal pumps are used, samples should be obtained 
from the suction (influent) line during pumping by an 
entrapment scheme as shown in Figure 3. Construction of 
this sampling scheme is relatively simple and will not be 
explained as part of this SOP. It is suggested that if 
samples cannot be obtained before going through the pump, 
that samples be obtained by using a bailer once pumping has 
ceased. Collecting samples from the pump discharge is not 
recommended. 

089SJ 
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6.3.3 Submersible Pump 

Submersible pximps provide an effective means for well 
purging and in some cases sample collection. Submersible 
ptnnps are particularly useful for situations where the 
depth to water table is greater than twenty (20-30]' feet 
and the depth or diameter of the well requires that a large 
purge volume be removed during purging. 

EBX uses the Jofanson-Keck pxsnp model SP-81 which has a 1.7S 
inirh diameter pump unit. The pump diameter restricts use 
to monitoring wells which have inside diameters equal to or 
greater than two (2) inches. As with other pus^-type 
purge/sample collection methods, submersible pumps will not 
be used for the collection of samples for analyses of 
volatile organic compounds. Submersible ptsnps should never 
be used for well development as this will seriously damage 
the pump. 

7.0 Sample Collection Procedures 

7.1 Bailing 

Obtain a clean/decontaminated bailer and a spool of polypropylene 
rope or equivalent bailer cord. Using the rope at the end of the 
spool tie a bowline Icnot or equivalent through the bailer loop. 
Test the knot for security and the bailer itself to ensure that 
all parts are intact prior to inserting the bailer into the well. 

Remove the protective foil wrapping from the bailer, and lower the 
bailer to.the bottom of the monitoring trail and cut the cord at a 
proper length. Boiler rope should never touch the ground surface 
at any time during the purge routine. 

Raise the bailer by grasping a section of cord using each hand 
alternately in a "rocking" action. This method requires that the 
samplers' hands be kept approximately 2-3 feet apart and that the 
bailer cope is alternately looped onto or off each hand as the 
bailer is raised and lowered. 

Bailed ground trater is poured from the bailer into a graduated 
bucket to measure the purged water volume. 

For slowly recharging wells, the bailer is generally lowered to 
the bottom of the monitoring well and withdrawn slowly through the 
entire water column. Rapidly recharging wells.should be purged by 
varying the level of bailer insertion to ensure that all stagnant 
water is removed. The water column should be allowed to recover 
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to 70-901 of its static volume prior to collecting a sample. 
Water samples should be obtained from midpoint or lower within the 
water column. 

Samples collected by bailing will be poured directly into sample 
containers from bailers which are full of fresh ground water. 
During sample collection, bailers will not be allowed to contact 
tMe sample containers. 

7.2 Peristaltic Pump 

Place a new suction and discharge line to the peristaltic pump. 
Silicon tubing must be used through the ptimp head. A second type 
of tubing may be attached to the silicon tubing to create the 
suction and discharge lines. Such connection is advantageous for 
the purpose of reducing tubing costs, but can only be done if 
airtight connections can be made, tygon tubing will not be used 
when performing well purging or collecting samples for orgaziic 
analysis. The suction line must be long enough to extend to the 
static ground-«rater surface and reach further should drawdown 
occur during pumping. 

Measure the length of the suction line and lomr it down the 
monitoring well until the end is in the upper 2-5 inches of the 
water column present in the well. Start the pump and direct the 
discharge into a graduated bucket. 

Measure the pumping rate in- gallons per mixmte by recording the 
time required to fill a selected volume of a bucket. Flow 
measurement shall he performed three times to obtain an average 
rate. 

The pumping shall be monitored to assure continuous discharge. If 
drawdown causes the discharge to stop, the suction line will be 
lowered very slowly further down into the %iell until pumping 
restarts. 

Measurements of pH and specific conductance will be made 
periodically during well purging. All readings will be entered on 
the Ground-Water Sample Collection Record. 

Samples %n.ll be collected after the required purge volume has been 
withdrawn and the field parameters (pH and Specific Conductance) 
have stabilized. 

When the sample bottles are prepared, each shall be filled 
directly from the discharge line of the peristaltic punp. Care 
will be taken to keep the pump discharge line from contacting the 
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sasiple-bottles. Ground-water saatples requiring filtration prior 
bo plaeeoent in sample containers, will be placed in intermediate 
containers for subsequent filtration or filtered directly using 
the peristatic pun^. 

At each monitoring point when use of the peristaltic pump is 
complete, all tubing including the suction line, prarp head and 
discharge line sust be disposed of. In some eases where sampling 
will be performed frequently at the same point, the peristaltic 
pump tubing may be retained between each use in a clean zip-Ioct 
plastic bag. 

7.3 Centrifugal Pump 

7.3.1 Direct Connection Hethod (Vote: This method requires that 
the well casing be threaded at the top.) 

Establish direct connection to the top of the monitoring 
mil if passible using pipe connections, extensions, and 
elbows, %rith Teflon* tape wrapping on all threaded 
connectians. If the centrifugal ptanp will subsequently be 
used for sample collection, a sample isolation chamber will 
be placed in the suction line configuration as shown in 
Figure 3. 

Prime the pump by adding tap mter to the pump housing 
until the housing begins to overflow. 

Start the pump and direct the discharge into a graduated 
bucket or a bucket of known capacity (>2.5 gallons). 

Start the pump and measure the pumping rata in gallons per 
minute by recording the time required to fill the graduated 
bucket. Flow measurement should be checked periodically to 
determine if pumping rates are continuous, fluctuating, or 
diminishing. If discharge stops, the ptsnp will be 
throttled back to detecmine if pumping will restart at a 
lower rate. If punqiing does not restart, the pump should 
be shut off to allow' the well to recharge. 

Heasurements of pH and specific conductance will be made 
periodically during well purging. All readings will be 
entered on the Grormd-Water Sample Collection Record. 
Samples will be collected after the required purge volume 
has been withdrawn and the field parameters (pH and 
Specific Conductance) have stabilized. Samples should be 
collected from an in-line discharge valve or with a 
bailer. The ptunp should be properly decontaminated between 
walls. 

0895J 
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7.3.2 Cam-Well Suction-Line Hethod 

Lower a new suction line into the wall. The suction line 
will have a total length great enough to extend-to the 
water table and account for a mininnini of five (5) feet of 
drawdom. Vote should be made that drawdom may exceed the 
depth where pumping will terminate as a result of a 
limitation derived from suction-line conditions and the 
lift potential of the pump. All connections-should be made 
using Teflon* ferrules and Teflon* thread wrapping 
tape. Bun the pump as per Section 7.3.1. 

A.t each monitoring well when use of a centrifugal ptanp is 
complete, all suction line tubing should be disposed of 
properly. 

7.4 Submersible Pump 

Prior to using a submersible ptimp, a check will be made of well 
diame'ter and alignment. A 1.75 inch diameter decontaminated 
cylindrical tube should be lowered to the bottom of each 
monitoring well to determine if the alignment or plumbness of a 
well is adecpiate to accommodate the submersible pump. All 
observations will be entered in the Ground-Water Sample Collection 
Record. 

Slowly lower the submersible pump into the monitoring well takixig 
notice of any roughness or restrictions within the riser. 

Count the graduations on the puiqi discharge line and stop lowering 
when the stainless steel portion is below the uppermost section of 
the static water column within monitoring well. Secure the 
discharge line and power cord to the wall easing. 

Connect the power cord to the power source (i.e., rechargeable 
battery pack or auto battery monitor) and turn the pump on 
(forward mode). When running, the pump can usually be heard by 
listening near the well head. 

Voltage and amperage meter readings on the pump discharge must be 
checked continuously. The voltage reading %rill decline slowly 
during the course of a field day representing the use of power 
from the battery. Amperage readings will vary depending upon the 
depth to water table. Amperage readings greater than 10 amps 
usually indicate a high solids content in the ground water which 
may cause pump clogging and serious damage. If a steady increase 
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in amperase is observed, the pump should be shut off, allowed to 
stop, switched to the reverse node, stopped asain and then placed 
in forward mode. If high amperage readings persist, the pump 
should be withdrawn and checked using the large upright xyLinder 
and tap water. Ground-water conditions such as high solids may 
require that an alternate purge/sample method be used. 

Drawdotm must also be monitored continuously by remaining near the 
well at all times and Listening to the pump. When drawdown 
occurs, a metallic rotary sound will be heard as the pump intake 
becomes exposed and ceases bo discharge water, but continues to 
run. The pump should be lowered immediately to continue pumping 
water within the uppermost section of the static water column. 
ROTE: The submersible pump cannot be allowed to run while not 
pumping for more than five seconds or the pimtp motor will bum out. 

If drawdotm continues to the extent that the well is ptsnped dry, 
the pump should be shut off and the wall allowed to recharge. 
This on/off cycle may need to be repeated several times in order 
to purge the well properly. 

Measurements of the ptssping rate, pH, and specific conductance 
should be made periodically during well purging. All readings and 
respective purge volumes should be entered on the Ground-Water 
Sample Collection Record. 

While pumping is on-going and when sample bottles are prepared, 
- bottles will be filled directly from the discharge line of the 

pump taking care not bo touch sample bottles to the discharge line. 

At each monitoring well when use of the submersible pump is 
complete, the pump, discharge line and power cord shall be 
decontaminated according to the procedures contained in the SOP 
for Decontamination. 

8.0 Sasqile Preparation 

8.1 Introduction 

Prior to sample transport or shipment, ground-water samples may 
require filtration and/or preservation dependent on the specific 
type of analysis required. 

Specific preservation techniques are described in the EPA 
document. Handbook for Sampling and Sample Preservation of Water 
and Wastewater (EPA-600/4-82-029}. The EPA manual and laboratory 
manager should be consulted during the planning stage of the 
project. Project-specific sampling plans shall be assembled using 
the approved procedures obtained from the EPA manual. 
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8.2 Filtration 

Ground-water samples collected for dissolved metals analyses will 
be filtered prior to being placed in sample containers. 
Ground-water filtration will be performed using a peristaltic pump 
and a 0.45 micron, water filter. Typically the water filters are 
142 mm in diameter and are usually placed in 142 mm polycarbonate 
housings. 

The filtration of ground-water samples shall be performed either 
directly from the monitoring well or from intermediate sample 
containers such as decontaminated buckets. In either case, wall 
purging shall be performed first. Fresh ground tiater shall then 
be filtered and discharged from the filtration apparatus directly 
into sample containers. For most dissolved metal analyses. pH 
adjustment of the sample is also required and shall be performed 
after filling the sample bottles. This is generally accomplished 
using laboratory supplied compounds such as sulfuric or nitric 
acid and soditsa hydroxide. 

9.0 Documentation 

A number of different documents must be completed and maintained as a 
part of ground-water sampling effort. The documents provide a summary 
of the sanple-colleetion procedures and conditions, shipment method, 
the analyses requested and the custody history. The list of documents 
is: 

e Ground-water sample collection record 
• Sample labels 
• Chain of custody forms and tape 
e Shipping receipts 

Sample labels shall be completed at the time each sample is collected 
and will include the information listed below. A sample label is shown 
in Figure 4. 

e Client or project name 
e Sample number 
e Designation (i.e., identification of sample point no.) 
a Analysis 
• Preservative (e.g., filtration, acidified pK<2 iaR}3} 
• Sasiple-collection date 
• Sampler's name 
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Figure 5 displays the chain of custody record used by ESI. The chain 
of custody fora is the record sample collection and transfer of 
custody. Information such as the sample collection date and time of 
collection, sample identification and origination, client or -project 
name shall be entered on each chain of custody record. In aeeordanea 
with 40 CFR 261.4(d) the following information must accompany all 
ground water samples tdiich are known to be non-hazardous and to which 
U.S. Department of Transportation and U.S. Post Office regulations do 
not apply. Such information is: 

a sanqple collector's name, mailing address and telephone 
number, 

• analytical laboratory's name, mailing address and telephone 
number, 

• quantity of each sample, 
a date of shipment, and 
• description of sample. 

The chain of custody forms provide a location for entry of the 
above-listed information. 

10.0 Baferences 

EPA, Handbook for Saaipling and Sample Preservation of Hater and 
Uaste%fater EPAr-600/4-82-029, September 1982. 

Geotrans, Inc. RCBA Permit Writer's Hanual, Ground-Water Protection 
prepared for U.S. EPA. Contract Ho. 68-01-6464, October 1983. 

Code of Federal Regulations, Chapter 40 (Section 261.4(d). 
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Figure 1 

WMNOL . 

CmUNO WATS) SAMPLE COUSCnON RECORD 
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.Time S. 
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1. WATER LEVEL DATA- <fraifi TaO 

a. Total Wail Lanqifi I* ra __ 

b. Waiw Tablo eo«. I* TQ . 

e. Langin o< Watar Column. 

2. WELL PURGING DATA 

A PurgaMatnod . 
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Title: Ground-Water Sample Colleetian from 
Honitorins Walls 

Page: 16 of 17 
Date: 1st Qtr. 1986 
Bumber: 7130 
Havision: 1 

CUENT. 

SAMPLE NO.. 

OESIGNATION. 

ANALYSIS. 

PRESERVATIVE. 

DATE .BY. 

Figure 4 Sample Container Label 
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STANDARD OPERATING PRCXIEDURE ~ ^ ^ 
Tide. (REFER TO QAPP SECTION 6.7) 1st qtr 19 

CAlibrfttiaa and Oparatloa of HTdrolab U«t«r QaalitT Hoaitac ^ SQ9 7320 

1.0 Applicability 

Ibis Sbaadard Oparatias Pcacadara (SOP) pcavidas basic iastraccioas to 
b« aaployad for bbo fiald cparatioa of Hydrolab dicital snltiaatars 
(Hodal Has. 4041 aad 8000). Bydrolabs ar« asad for fiald maasuraaaat 
of watar-^ualiby parasMCars. 

2.0 Baspoasibilitias 

Tba fiald taam is raspoasibla for aasurias that tba Bydrolab uait'is ta 
propar oparatias coaditioa prior to asa ia tba fiald. All 
systa»-calibratioa chacbs ara tba raspoasibility of tba flald taam. 

3.0 Hatarials 

a Bydrolab Oparatioa aad Haiataaaaca Zastractioo baaual 

a Bydrolab Soada aait, battary paeb aad lurfaca oait 

a Bydrolab calibratioa-cup 

a Two PLsbar-braad laboratory poeassium cblorida (CCl) staadard 
soltttioas <kaowa coadactivipy at 2S*C) 

a Two frasbly praparad pB boffar solatioas. Gaaarally pK 7.0 aad pK 
4.0 or 10.0 ara asad. 

a Oistillad or da^ioaizad watar (approzisutaly two litars) 

a Cbamical-fraa papar towals 

a Scrawdrivars (as suppliad ia tba Bydrolab Accassory Kit) 

4.0 Procaduras 

Tba Bydrolab proridas simaltaaaoas aaasuramaat of four watar quality 
paraaatars; 1} dlsaolvad ozysaa, ia ms/1* 2) tamparatura. ia *C; 3) pH. 
ia staadard aaits, aad 4) coadactivity, ia ombos/ea (uS/ea). Tba paaal • 
switeb oa tba froat of tba iadicator oait eoatrols wfaicb parsaatar is 
baias aaasurad a^ raad-out. 

Tba display is raad ia tba followiag aaaaar;' tamparatura. pB aad 
dlssolvad ozygaa ara raad out diraetly. For azaapla, a^ tamparatura of 
21.8*C will ba displayed as 21.8. A dissolved ozygaa (0.0.) or pH 
raadiag of 8.1 will ba displayed at 08.1. Coaductivity is raad out 
directly oa tba 2b scale. If tba 20k scale is required to measure 
higbar coaductivity tba ouabar tbat is displayed will aead to ba 
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Pane ot" 
2 8 STANDARD OPERATING PROCEDURE 

Dace: 
,. Number-

Calibration and Oporation of Hydrolab Vatar (Quality Hoaitor R,evi»un- 7320 
1 

•ultipliad by 10. la the 2001c aeala tha raadias will ba 
Bttltipliad by 100. For axampla, suppoaa tba saapla baias aa'asurad 
has a ceaduetivitF of 1327 uS/ea. Uslas hha 21c seals, tha display 
will show 1S27 (diraet raad-o«t). Usias tha 20k seala tha display 
will show 133 (133 z 10 « 1330 uS/ca). TTsias tha 200k raasa tha 
display will show 013 (013 z 100 » 1300 uS/ea). Oaly tha Hydrolab 
modal 4041 offara tha thraa seala maaaarasMat. Tha Hydrolab 
modal 8000 is rastrietad to maasnramaat of eoaduetivity withia'tha 
raaga of 0—2000. 

4.1 Hydrolab Calibration 

A. eomplata calibration ehack should ba parfonad bafora soios to 
and afbar raturaias from a fiald samplias/watar quality 
maasuramaat activity. Tha ealibratioa proeaduras should ha 
earriad out in a eoatrollad aariroasMat such as a laboratory, but 
a fiald offiea or eloaad-ia shaltar may also ba usad. 

At laast oaa hour prior to calibration, taka tha followiat 
praparatory ataps: 

1} Hamova tha "Storaca-Cup" from tha Soada Unit. 

2) Hamova tha protaetiva guard from tha dissolvad oxysea saasor. 

3) Install tha "Calibratioa-Cap" oa the Soada Unit and fill to 
tha brim with distillad watar. 

4) Saal tha Calibration Cdp with tha soft plastic cap and store 
tha soada unit, calibration standards, and tha distillad 
watar at coastant room tamparatura for at laast oaa hour in 
order to brine tha various sanaors, tamparatura compaasatias 
alamaats, and tha calibration solutions into thacmal 
aqulibriua (within a fsw dosraas). 

All of tha calibration controls are located on tha front paaal of 
tha Indicator Hait. Adjustmaats. if aacassary, should ba made in 
tha followine ouanar: 

1) Hamova'tha appropriate saal-seraw for tha paramatar baiaq 
adjusted. 

2} Insert a small screwdriver throush tba access- hole and 
adjust tha ealibratioa eoatrol in tha diractioa which brings 
tha raadiag into agraamaat with tha value of tha standard 
solution being smployad. 

3) Haplaea tha saal-scraw. 

08H8J 
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STANDARD OPERATING PROCHDLFRE - ^ 
Tide- \-umh«.. ^ 

CAlibratioa mad Oparatiaa of Hrdralmb Vmtmc QumlitT Hoaitor * . . SOP 732 
R^isxun: 

• ai-iKg STZP tfill b« aamd smvarml tiaas darias tixm emiibcmtiaa 
pcocadnca. lb is to b« parfocaad ia tba followias amaaar: Fill 
tha ealibcatioa cap balfway witb da-iaaizad or distillad vmtac. 
Snap oa tba aofb pimatie cap; shmka tba soada aait for taa aaeands 
mad tbaa ponr oat tba wmtaa. Sapamt twiea mora aaias £rasb 
da-loaizad or distillad wmtar. Kaaava tba cap mad sbmJu ms auch 
of tba riaaa «atar ma poaaibla from tba alaetradas. 

4.1.1 Oisaolvad Ozysaa Cmlibcatioa 

Iba Oisaolvad Ozysaa systaa is tba first to ba emlibrmtad 
siaca tba wmtar tbmt baa baaa aterad ia tba emlibrmtioa cap 
la used to •miatmia coatrol of tba taaparmcara iaaida tba r 
cap. Tba emlibrmtioa atmadmrd is aitbar m wmtar saapla of m 
kaowa D.O. eoacaatratioa <dataraiaad ia tba Imbormtarr by 
tba Uiaklar or iodaatrxc natbod ia mccordmaca witb Stmadmrd 
Hatboda for tba Exmaiamtioa of Vmtar mad tfmatewmtac. ISth 
Edition. APHA-AWWA-WPCF. 1980 or wmtar-tmtarmtad mir mt tba 
taaparmtara iaaida tba emlibrmtioa cap. Tba followias 
proeadaraa mra for tba wmtar-smtarmead mir aatbod for 0.0. 
emlibrmtioa. 

lavart tba Soada Unit mad raaova tba soft plmatie emp. Pour 
off aaoasb wmtar to 'briap tba laval bo just balow tba 0.0. 
•aabrmaa* ratmiaar O-riap. Vitb m clama pmpar towal or 
tiasaa blot may aoiatara froa tba 0.0 aaobrmaa. Covar tba 
emlibrmtioa cap aoatb witb oaa of tba hmrd pimatic empa 
proTidad la tba Aceaaaory Kit. Tbis will kaap draft's froa 
blowias oa tba aaatarmaa. Oo not saml tba cap with tba 
plmatie emp, baemuaa tbmt eoald emaaa m pmrtiml-prassura 
ebaaso ia tba cup. Umit mpproziamtaly S aiautas, or oatil 
tba raadias ia stmbla, tbaa switch to tba TE21PESJLXUSE 
poaitioa mad raeord tba taaparmtara ramdias. Safar to 
Tabla 1 for tba corract oaysta coacaacrmtioa mt this 
taaparmtara. Siaca tba tmbla vmlaaa rafar to coacantrmtioas 
mt Stmadmrd Praaauen it will ba aaeasamry to corract tba 
vmlaa for local bmroaatric praasara. Tbia should ba doaa in 
tba followias aaaaor; 

Corract 0.0. Sattias " (Locml Bmroaatric 
Prassara/760n) z (Tmbla vmlaa 
mt Cap Taaparmtara) 

EXAHPLZ: If T - 28.5*C mad Locml Bwomatric 
Praasura a BOOsa, 

Corract 0.0. Sattias • (SOOsa/TBOaa) z (7.6 as/I) 
« B.G as/1 
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STANDARD OPERATING PRCXIEDURE „ ^ 
Tidr • CAlibrfttiao «nd Qp€ntian of HydcalAb U«t«r QuAlity Hoaitoc >"™oer: 

Revisiun: ^ 

If a baroaatar la not availabla. tba aqaiTalaat praaaara may 
ba aatiawtad fcoa Tabla 2 wbieb ralataa ataoapharie pcoaaora 
with alavacioa abova aaaa aaa laval. Ibarafora, tba 
approziaata ataoapharie praaaara at aa altitada of -2Q0Q 
faat, for azoapla, aoold ba: Local Ataoapharie Praaaara s 
7QSaa Bs. 

Adjaat tha Oiaaolvad Ozysaa ealibratioa eoatrol aatil tha 
propar valaa (roaadad to aaaraae taach) ia diaplayad. Pour 
oar tha watar: aad thaa follow with a UKSZ STEP. 

4.1.2 pH Calibrmtioa 

Calibratiap tha pB aystaa raqairaa tha aaa of two 
Flahar-braad pB laboratory boffar aolutioaa. Oapaadiag upoa 
tha applieatioa, aithar pB 4.0 or pH 10.0 ia uaad ia 
additioa to pB 7.0. lavart tha loada aait and fill tha 
ealibratioa eup with fraah pfi 7.0 boffar solutioa. Switch 
to "pB", aad wait approziaataly S aiaataa for thanal 
aqailibrioa. Ibaa adjuat tha pB ealibratioa control until 
7.0 ia diaplayad on tha raad-out. 

Poor oat tha 7.0 boffar aad rapaat the KIHSZ STEP. lavart 
tha aoado unit aad aeraw on tha ealibratioa cup; fill with 
10.0 or 4.0 boffar. Aftar approziaataly S-niaotaa. adjuat 
tha pB **Zlopa'* control until aithar 10.0 or 4.0 (aa 
appropriate for tha boffar baiag uaad) ia diaplayad on tha 
raad-out. Poor out tha boffar aad rapaat tha SIBSE STEP Two 
Tlasi 

4.1.3 CoadaetiTity Calibration 

Aftar tho aacoad 2IHSZ STEP, taha a elaaa papar towal or 
tiaauo, aad blot mat of tha ooiatara ia tha alactrodo araa 
fo that tha ataadard will not suffar dilution. 

laatall a elaaa ealibratioa eup and iavart tha soada aait. 
Tha CoadaetiTity systaa is ealibratad osias at laast two 
praparad Ed standard solations with a kaowa coaduetiTity at 
23*C. Proa Tabla 3, solaet two standard solutions with 
raluas of approziaataly oaa-third and two-thirds of the 
ranpa you ara oost likaly.to aaeoontar ia tha fiald. For 
azsapla, if you ara (oiBS to ba wortins ia frash watar (0-2K 
teala) you would want to usa a O.OIH stands^ and a O.QOSM 
standard. Salaet tha nora eoneantratad of tha two standards 
and poor it slowly down tha sida at tha ealibratioa eup 
until full. Ubaa tha raadint is stable, adjust tha 
coaduetiTity calibration eoatrol until tha display matches 
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STANDARD OPERATING PROCEDURE « . ^ ' 
Dace: 

Title: Vumher-
Calibratioa and Operation of Hydrolab Vatar Qaalitr fionitor 732c 

taa ralno listad la Tabla 3. Enpty tta calibration cup and 
ropeat tbo RTHSZ STEP Two Tiaaa. Pour in thu aacond 
ataadnrd. Oiaek tba raadins on tixa Display. It ateuld ba 
eorraet within • IX of tha raaga bains usad. For azaapLa, 
if tha 0-2K leala is naad, tha raadins for tha aacond 
standard ahenld ba corract within ± 20 nS/ca of tha trua 
Talua. Pour out tha atandard aoLution. Parfoca a ZX3ISE 
STEP. 

4.1.4 Taaparatura Calibration 

Tha taaparatura ayataa ia factory ealibratad and is accurate 
to ^ a.2*C. Mo calibration adjustaant ia prowidad. A. 
pariodze ehach of tha taaparatura ayataa asainst an ' 
llBS~tracaabla thaeaomatar ahould ba parfoeaad as a 
uarification. 

4.2 Pinal Praparation 

Tom tha ayataa off and disconnace tha ayataa coaponants. Saplaea 
all rubber dust caps. Zaaova tha Calibration Cup froa the Sonde 
Oait and replace tha protactiva sw^ the diasolvad ozysan 
alactroda. Fill tha Storasa Cap with tap watar and install onto 
tha Sonde Unit. Tha systaa is now ealibratad and ready for fiald 
una. 

4.3 Fiald Operation 

ZasMva tha Storage Cap froa tha ealibratad sonda unit and install 
tha guard or tha optional saapla circulator. Connect tha systen 
coaponants. Lower tha sonda unit into tha watar (sidaways, if 
possible) and shaka it to dislodge air bubbles trapped in tha 
conduetiTity call block. Zolaasa tha sonda unit and lower it to 
tasipla depth. Vait until tha readings stabilize (D.O. is tha bast 
indicator) and than record tha ralua for each paraaatar. Repeat 
at new depths or locations. 

Mhan using for ground watar saapling, pour/place a saapla of 
ground watar into tha Storage Cup and attach it to tha sonde so 
that all nodes are submerged. 

Check tha battery roltaga occasionally; charge or change batteries 
if tha laual drops below 10.S volts. DO MOT charge tha battery 
routinely after each day's use. Doing so may shorten tha life of 
tha battery. Dsa the battery until tha voltage level drops to 
batwaan 10.S and II.0 volts. At this point put tha bactary on 
charge for 24 hours. 
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Page: 6 of 8 
Date: 1st Qtr. 1984 
Number: SOP 7320 
Revision: 1 

TABLS 1 

DISSOLVED OXrCZH SAIUBAXIOH VALUES IN 

OISTILLZO UATEE AT 760 sa Hs 

TOOD. (*0 00 (mx/l) Tmio < -C) • DO (mc/1) 

0.0 14.6 13.3 9.9 
O.S 14.4 16.0 9.8 
1.0 14.2 16.3 9.7 
I.S 14.0 17.0 9.6 
2.0 13.9 17.3 9.3 
2.S 13.7 18.0 9.4 

3.0 13.3 18.3 9.3 
3.S 13.3 19.0 9.2 
4.0 13.1 19.3 9.1 
4.S 13.0 20.0 9.0 
s.o 12.8 20.3 8.9 
s.s 12.6 21.0 8.8 

6.0 12.3 21.5 8.8 
6.S •U.3 22.0 8.7 
7.0 12.1 22.3 8.6 
7.5 12.0 23.0 S.S 
8.0 11.8 23.3 . 8.4 
8.3 11.7 24.0 8.3 

9.0 11.6 24.3 8.2 
9.3 11.4 23.0 8.2 
10.0 11.3 23.3 8.1 
10.3 11.1 26.0 8.0 
11.0 11.0 26.3 8.0 
11.3 10.9 27.0 7.9 

12.0 10.8 27.3 7.8 
12.3 10.6 28.8 7.7 
13.0 10.3 28.3 7.6 
U.3 10.4 29.0 7.6 
14.0 10.3 29.3 7.3 
14.3 10.2 30.0 7.4 
13.0 10.0 30.3 7.4 
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TABLE 2 

coroacnvTTr CALXBRAHOII SZAMOARDS 

Page: 8 of 8 
Date: 1st Qtr. 1984 
Number: SOP 7320 
Revision: I 

Conducitivits of Potusium 
Cblorida Salatioas &t 2S*C 

Coaduetivity Beadirs aa 
Hydrolab OiapLay for Givaa 

Cone.- Grttss CCl/L uS/ea iO-2T) (0-20E} (0-200K) 

O.QQOS 0.03728 73.9 
0.001 0.074S6 147.0 147 - -
0.002 0.1491 292.0 292 - -
O.OOS 0.3728 717.8 718 - -
0.01 0.74S6 1.413E 14U 141 -
0.02 1.491 2.767E 277 -
O.OS 3.728 6.668r 667 -

0.1 • 7.456 12,90E 1290 129 
0.2 14.911 24.a2C 248 
O.S 37.278 S8.64K 586 
1.0 74.555 111.9K 1119 

NOTES: (1) Two eaadttctivifcy icaadards ar« racoanaaded fac each range 
satting (boxad-ia valuaa). Calltacatioa adjustsaats will be 
mada first with tha higher coacaatratiaa and than with the 
lotfar coacaatratiaa. 

(2) Single dashes indicate ranges which are not reeoooiended far 
ealibratioa ehaehs. 

(3) The Hydrolab modal 8000 is restricted to conductivity 
readings batwaea 0-2000 wS/ca (0-2]c} scale), therefore 
coadoetivity readiags and thus ealibratioa solutions within the 
0-201e tad 0-2001C raages will not apply. 
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STUtDASD OFSEAZZro PSOCmTES Pasa: 1 Of 5 
Date: 3rd Qtr. 1986 

Title: Packasing and. Stiipinent of Saopies BUnber: 7510 

(REFER TO QAPP SECTION 6.5) Havisioa: 1 

1.0 Applieabilit/ 

This Standard Operating Procedure (SOP) is eoneemed with procedures 
associated with the packaging and shipment of samples. Two general 
categories of sasiples exist: environmental samples consisting of air, 
water and soil; and %rasta samples which include non-taazardous solid 
wastes and hazardous wastes as defined by 40 CPE Fart 261. 

2.0 Responsibilities 

It is the responsibility of the project manager to assure that the 
proper packaging and shipping techniques are utilized for each 
project. The site operations manager shall be responsible for the 
enactment and completion of the packaging and shipping requirements 
outlined in the project specific saaqiling plan. The site operations 
manager shall be responsible to research, identify and follow all 
applicable U.S. Department of Transportation (DOT) regulations 
regarding shipment of materials classified as waste. 

3.0 General Method 

The objective of sample packaging and shipping protocol is to identify 
standard procedures which trill minimize the potential for sample 
spillage or leakage and maintain field sampling program compliance trith 
U.S. EPA and U.S. DOT regulations. 

The extent and nature of sample containerization trill be governed by 
the type of sample, and the most reasira'^-Ie projection of the sample's 
hazardous nature and constituents. The CPA regulations (40 CFR Section 
261.4(d)} specify that samples of solid waste, trater, soil or air, 
collected for the sole purpose of testing, are exempt from regulation 
under the Resource Conservation and Recovery Act (RCRA) when all of the 
following conditions are applicable: 

A. Samples are being transported to a laboratory for analysis; 
B. Samples are being transported to the collector from the laboratory 

after analysis; 
C. Samples are being stored (1) by the collector prior to shipment 

for analyses, (2) by the analytical laboratory prior to analyses, 
(3) by the analytical laboratory after testing but prior to return 
of sample to the collector or pending the conclusion of a court 
case. 

Qualification for categories A and B above require that sample 
collectors comply with U.S. DOT and U.S. Postal Service (USPS) 
regulations or comply with the following Items if U.S. DOT and USPS 
regulations are found not to apply: 
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The following information must accompany all samples and wi 11 be 
entered on a sample specific basis on chain of custody records: 

• sample collector's name, mailins address and telephone number, 

• analytical laboratory's name, mailins address and telephone number, 

e quanLlLy of sample, 

a date of shipment, 

a description of sample, and 

in addition, all samples must be packaged so that they do not leak, 
spill or vaporize. 

4.0 General Hethods 

4.1 Place plastic bubble wrap matting over the base and bottom comers 
of each cooler or shipping container as needed to manifest each 
sample. 

4.2 Obtain a chain of custody record as shovn in Figure 1 and enter 
all the appropriate information as discussed in Section 3.0 of 
this SOP. Chain of custody records trill include complete 
information for each sample. One or more chain of custody records 
shall be completed for each cooler or shipping container as needed 
to manifest each sample. 

4.3 Wrap each sample bottle individually and place standing upright on 
the base of the appropriate cooler, taking care to leave room for 
some packing material and ice or eq:uivalent. Rubber bands or tape 
should be used to secure wrapping, completely around each saatple 
bottle. 

4.4 Place additional bubble wrap and/or styrofoam pellet packing 
material throughout the voids between sample containers within 
each cooler. 

4.5 Place ice or cold packs in heavy duty zip-lock type plastic bags, 
close the bags, and distribute such packages over the top of the 
samples. 

4.6 Add additional bubble wrap/styrofoam pellets or other packing 
materials to fill the balance of the cooler or container. 

4.7 Obtain two pieces of chain of custody tape as shown in Figure 2 
and enter the custody tape numbers in the appropriate place on the 
chain of custody form. Sign and date the chain of custody tape. 
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4.8 To complete the chain of custod7 form enter the type of analysis 
required for each sample, by container, under the "ANALYSSS" 
section. Under the specific analysis enter the quantity/volume of 
sample collected for each corresponding analysis. 

If shipping the samples where travel by air or other public 
transportation is to be undertaken, sign the chain of custody 
record thereby relinquishing custody of the samples. 
Relinquishing custody should only be performed when directly 
transmitting custody to a receiving party or when transmitting to 
a shipper for subsequent receipt by the analytical laboratory. 
Shippers should not be asked to sign chain of custody records. 

4.9 Remove the last copy from the chain of custody record and retain 
with other field notes. Place the original and remaining copies 
in a zip-lock type plastic bag and place the bag on the top of t^ 
contents within the cooler or shipping container. 

4.10 Close the top or lid of the cooler or shipping container and with 
another person rotate/shake the container to verify that the 
contents are packed so that they do not move, hnprove the 
packaging if needed and reclose. 

When transporting sasiples by automobile to the laboratory, and 
where periodic changes of ice are required, the cooler should only 
be temporarily closed so that reopening is simple. In these 
eases, chain of custody will be maintained by the person 
transporting the saiople axid chain of custody tape need not be 
used. If the cooler is to be left unattended, then chain of 
custody procedures should be enacted. 

4.11 Place the chain of custody tape at two different locations on the 
cooler or container lid and overlap with transparent packaging 
tape. Foe coolers «rith hinged covers, if the hinges are attached 
with scretfs, chain of custody tape should also be used on the 
hinge side. 

4.12 Packaging tape should be placed entirely around the sample 
shipment containers. A minimum of one to two full wraps of 
packaging tape will be placed at at least two places on the 
cooler. Shake the cooler again to verify that the sample 
containers are well packed. 

4.13 If shipment is required, transport the coaler to an overnight 
express package terminal or arrange for pickup. Obtain copies of 
all shipment records as provided by the shipper. 

4.14 If the samples are to travel as luggage, check with regular 
baggage. 
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4.15 Upon receipt of the samples, the analytical laboratory will open 
the cooler or shipping container and will sign "received by 
laboratory" on each chain of -custody form. The laboratory will 
verify that the chain of custody tape has not been broken 
previously and that the chain of custody tape number corresponds 
with the number on the chain of custody record. The analytical 
laboratory will then forward the back copy of the chain of custody 
record to the sample collector to indicate that sanqile transmittal 
is complete. 

5.0 Documentation 

As discussed in Section 4.0 the documentation for supporting the sample 
packaging and shipping will consist of chain of custody records and 
shipper's records. In addition a description of sample packaging 
procedures will be trritten in the field log book. All documentation 
will be retained in the project files following project completion. 
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The purpose of building security Is to guarantee data security and 
confidentiality for the client as well as providing analytical data which Is 
legally defensible. 

2. Policies: 

RMAL's security policy Includes controlled access to the building, testing 
areas and data files, confidentially agreements with all personnel. 
Identification badges for all personnel, electronic security and fire alarm 
systems, and a security guard. All visitors are also assigned visitor badges and 
are accompanied by RMAL staff during their stay In the facility. 

3. Safety Issues: Not Applicable 

4. Procedure: 

Building Security 
at All exterior doors to the facility will remain locked at all times 

with the exception of the front entrance. 
b. During the hours of 7:00 a.m. to 6:00 p.m., the front entrance or 

main reception area Is controlled by the receptionist and secured 
by locked entries. The alarm system Is not activated during this 
time period. 

c. During the hours of 6:00 p.m. to 7:00 a.m., the front entrance Is 
controlled by security guard. All persons entering or leaving the 
facility will be recorded by the security guard. The alarm system 
Is activated during this time period to prevent all other exterior 
doors from being usable, Including sample receiving and the patio 
doors. 

Prepared by;/ "TrTThff Date: 

Management ApRyp^^ -i. , , Date: 

QA Officer AppMval: J Date: ' 
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d. Sample receiving during the hours of 6:00 p.m.to 7:00 a.m. 
permitted only with the assistance of the security guard. 

is 

Personnel Identification 
iT All employees and visitors are required to wear security badges at 

all times while on the premises of all ENSECO divisions. 
b. The personnel administrator is responsible for issuing a picture 

I.O. badge to an employee on the employee's first day of 
employment. Each employee is responsible for his/her badge. 
Additionally, each employee will be required to sign a 
"Confidentiality Agreement" which is included in the employee's 
personnel file. 

c. The receptionist is responsible for issuing a badge to each visitor 
to the facility. Visitors must request a badge from the front 
office of the division they visit, sign the visitor log and must be 
accompanied by an ENSECO employee before access to any building 
will be allowed. 

Building Alarm System 
at While it is not anticipated that employees will have to set or 

disarm the alarm system, it is important that employees understand 
the procedure. Unless used correctly, the alann will go off and 
the Arvada Police Department will be called. 

b. The procedure is confidential information and can be obtained from 
the Personnel Department. 

5. Responsibilities: 
a. It is the responsibility of each employee to maintain 

confidentiality of all clients data. 
b. The Personnel Department is responsible for issuing employee 

Identification badges and having signed "Confidentiality 
Agreements' in each employee's personnel file. 

c. The receptionist is responsible for issuing visitor badges and for 
visitor sign-in during normal business hours. The security guard 
is likewise responsible for visitor and employee comings and goings 
between the hours of 6:00 p.m. and 7:00 a.m. 

d. Employees escorting visitors are responsible for ensuring that 
visitation procedures are followed and that data confidentiality 
has not been compromised. 

6. Comments: 
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1. Purpose 

All laboratory data will be subjected to a rigorous data review process 
prior to its release to the client. The review process has been developed to 
minimize errors associated with sample processing, sample analysis and data 
reporting and to ensure that information pertaining to a given sample is 
well-documented. The process consists of a three-level review whereby results 
generated for a specific project are evaluated to ensure that 

f' 0 project is complete; 
0 precision, accuracy and detection limits are met; 
o raw data interpretation is correct; 
0 all calculations are correct; 
0 contractual requirements are met; and, 
0 all information is well documented for archival purposes. 

Enseco/RMAL uses a computerized Laboratory Information Management System 
(LIMS), as well as a variety of custom software programs designed to perform 
calculations, check results, generate reports, and to ensure data integrity 
and security. Whenever possible, historical client-specific data may aid in 
the review process as an additional check on generated results. 

2. Policies 

All project data will be subjected to a three-tier review process 
including review by operations, the data review group for inorganics, GC/MS, 
and chromatography and the final review by the project or client managers. 
Data will not be released to the client until the review process is completed. 

Prepared by: 
Allen J. Medine, Ph.D. 

Date: 
December 9, 1987 

ManageMfc AMroval: Date: 

QA Qtfi^ ̂ proval^ W Date: 
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3. Safety Issues 

There.are no direct safety issues which are of concern for the data review 
process. As with other non«analytical activities, caution should always be 
exercised when performing data review functions in the laboratory. For 
example, discussing problems with analysts, examining original samples, 
checking preparation aliquots will require review personnel to be in the 
laboratory or in appropriate storage areas. A review of safety concerns for 
all of these areas shall be implemented. 

4. Procedure 

The data review framework is essentially the same for the metals, non-
metals, GC/MS and chromatography groups. The differences between each groups 
procedure are due to analysis differences, data entry and data correction 
software developed for LIHS. The data review process consists of three levels 
(LEVEL 1, LEVEL 2 and LEVEL 3). The general framework for the laboratory 
review process is shown in Figure 1. 

A. LEVEL 1 REVIEW 

The LEVEL 1 REVIEW begins at the analytical (bench) stage where LEVEL 1 
review is primarily a self-review of all information generated during the 
analysis. During the analytical test, the analysts have much information 
concerning the precision, accuracy and problems. The intent of the data 
review program is to take advantage of this condition by-review of all 
analytical details generated by the analyst and subsequent approval of the 
test results and QC by the analysts immediate supervisor. Specifically, the 
functions of the analyst and supervisor are as follows: 

ANALYST: 
1. Review Prep Lab Notes - Preparation lab notes are to be 

reviewed to determine if there were anomalies observed which may 
affect the analysis for certain parameters. 

2. Review Special Instructions - For certain projects, the 
Client may have specified certain modifications to a standard test, 
analysis using a custom test, project specific QC, or special 
preparation of the sample. 

3. Record All Necessary Information - While this may be 
considered raor« of an operations or analytical method concern, proper 
documentation of the analysis, in sufficient detail to allow re
creation of the analysis, is essential for an effective, efficient 
data review program and to permit development of a sound data archive 
program. An important part of data recording is to reveal whether 
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the test proceeded according to the Analytical Method SOP and that 
deviations from the method, anomalies during analysis, or that 
decisions concerning re-analysis are well-documented. 

4. Check All Calculations - Errors frequently occur during 
calculations for standard curves, dilution factors, unit conversions, 
or extrapolations from instrument response to appropriate 
concentrations. The analysts will check ALL calculations, or verify 
data entry into software designed to perform calculations, examine 
results for agreement with expected results (i.e. order of magnitude 
or better) and indicate that calculations were reviewed on the LEVEL 
1 REVIEW CHECKLIST. 

5. Provide Data and QC Sunaaary - Summaries of parameter 
concentrations and QC data generated are to be provided to the 
supervisor along with raw data (bench sheets, chromatograms, etc.) 
for supervisor approval of the analytical results. 

6. Provide Out of Control/Anomally Sheet - Information regarding 
out of control situations or anomalies is necessary for review 
personnel to re-create the analysis when there are questions 
concerning the data which has been generated during the analysis. 
Holding time violations are to be clearly indicated along with the 
appropriate reasons for the violation. 

7. LEVEL. I REVIEW CHECKLIST - The function of the checklist is 
to indicate that the above items have been considered in the 
analysis. The LEVEL 1 REVIBi CHECKLIST is shown in Figure 2. There 
are more detailed items which are considered during the analysis and 
the review procedure by both analysts and the immediate supervisor in 
the GC/MS, GC, Metals and Inorganic Groups. Much of this information 
can be found on the LEVEL 2 CHECKLIST'S. For example, in metals 
analysis using graphite furnace analysis, the analysts and supervisor 
will examine instrument standardization criteria (absorbance for 
standards,etc.), dilution factors, linear range compliance, detection 
limit adjustment and whether the Method of Standard Additions was 
required. 

SUPERVISOR: 

It is recognized that the analyst supervisors are not a part of 
the data review group. However, the supervisors are directly 
responsible for the analytical performance of the various analyst 
and, as such, are an integral part of the review process. The main 
functions of the supervisors are to review analysis as soon as 
possible and I) accept analysis or 2) suggest re-analysis. As part of 
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the LEVEL 1 REVIEW process, supervisors will perform the fell owing 
tasks: 

1. Review analysis package for QC, reasonable results,' holding 
tie violations and general acceptance of analysis. It is ver^ 
important that re-analysis decisions be made at this level. 

2. Signify approval on LEVEL 1 REVIEW CHECKLIST 

3. Approval of data entry into data base management system 

4. Schedule data entry (applicable to inorganics analysis at 
this time only). 

It will be the responsibility of the supervisor to review and 
approve (or disapprove) the analysis on a daily basis. It will not 
be acceptable for supervisors to allow their review packages to stack 
up while other tasks are being performed. The review process depends 
on a continual flow of information through the the various levels. 
To meet turnaround times and other constraints of a commercial 
laboratory, it is essential for supervisors to provide a timely 
review of data generated by the analysts. 
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8. LEVEL 2 REVIEW: DATA REVIEW GROUPS 

At the present time, separate data review groups exist in the inorganics 
division, the GC/MS division and the Chromatography division. A thorough 
review of the project data base takes place within the data review groups. 
There are numerous items which are common to each divisions review procedure. 
Each review group has developed a separate checklist to aid each reviewer in 
specifics related to the analytical tests. In addition, the reviewers in each 
group possess sufficient experience with the analyses conducted by the 
division to allow a comprehensive assessment of the precision and accuracy of 
the data generated. 

The LEVEL 2 REVIEW is considered to be a peer review of the analytical 
data and review of project specific requirements. At this stage of the 
review, a complete check of the tests assigned to a project is made against 
the project data base to assess project completion. Additionally, the 
preparation lab notes, bench sheets, QC forms and anomally sheets are reviewed 
in detail to ensure that raw data has been interpreted correctly, that 
detection, precision and accuracy criteria are met, that the information is 
well documented for archival purposes, and that contractual requirements are 
also met. 

Each data review group will evaluate the project data with respect to the 
LEVEL 2 REVIEW checklists. If any re-analysis is required at this stage, the 
decision is documented along with other project specific data. The LEVEL 2 
REVIEW CHECKLISTS for each group are shown in Figures 3-5. The completion of 
the LEVEL 2 REVIEW is indicated on the checklists by the appropriate 
signature. 

The reviewers will also provide Information which is used by the report 
preparation personnel to prepare the final project report. Reviewers should 
provide comments on unusual or inconsistent results, anomalies, subcontractor 
data, and the extent of any necessary data qualification. Reviewers are to 
also assemble the complete package for report generation, including the above 
comments and raw data, when requested. 

Following the completion of the review by the peer reviewers, the complete 
package will be examined by the data review supervisor. Supervisors will 
provide additional review of comments, anomalies, data qualification, and 
relationships between parameters, when appropriate. Approval of the LEVEL 2 
REVIEW by the supervisor is also indicated on the LEVEL 2 REVIEW CHECKLIST. 

The supervisors will also check the file for completeness, address 
comments from reviewers, and spot check results for reasonableness. The 
supervisors will also develop revisions to the data review SOP, provide 
training to data reviewers, assist development of computer knowledge-based 
review software and provide a continued evaluation of data review procedures. 
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At the conpletion of the review process for each division, the supervisor 
will change the project completion status in LIHS from status 4 to 7. 
Altering the project status in this way allows management to effectively move 
projects through the laboratory as rapidly as possible. 
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C: LEVEL 3 REVIEW: CLIENT MANAGERS 

The last review of project data takes place at the client manager level. 
This review is directed at the results obtained, the clients needs, overall 
project results across analytical divisions, special instructions, analysis 
problems, the extent of data qualification. Client managers are not 
responsible for numerical errors, wrong analysis dates and other information 
which is the responsibility of LEVEL 1 and LEVEL 2 REVIEW. 

5. Responsibilities 

LEVEL 1 REVIEW 

The operations supervisors are directly responsible for the approval of 
the analysis and the LEVEL I REVIEW CHECKLIST. The 
analysts are responsible for the analyst items on the checklist and being 
aware of what takes place during LEVEL 2 REVIEW. 

LEVEL 2 REVIEW 

The peer reviewers in each data review group (inorg., GC/MS and 
chromatography) are responsible for the detailed review of all project 
information as indicated on the LEVa 2 REVIEW CHECKLIST. The data review 
supervisor is responsible for a brief examination of the project data and 
comments, additional comments appropriate for the final report, training 
reviewers, and developing review procedures to be used for the LEVa 1 and 
LEVEL 2 REVIEW. 

LEVEL 3 REVIEW 

The client managers are responsible for ensuring that the client's needs 
have been met, that the data appears reasonable and that contractual 
requirements have been met. 
6. Comments 

For the review process to be effective in correcting problems and 
improving data generated in the laboratoT7, it is essential that reviewers 
inform operations supervisors and client managers on a regular basis of the 
problems which have been identified during the review process. Review 
checklists or written memos would be an effective means for alerting various 
personnel on problems which could be avoided or should be corrected. 
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Figure 1 - Laboratory Data Review Framework Form 



DATA REVTCT PBOGRAH 

ryrTKT. 1 REVm? CHECKLIST PBOJECT 9 _ 

Page: 9 of 12 
Date: 12/9/87 
Number: LP-RMA-0002 
Revision: 0 

AHALYTICAL TEST_ 
ANALYST ITSUS 

Y N NA Preparation Lab Notes Reviewed 

Y N NA Special Instructions eollowed 

Y * N NA Eamples Properly Preserved and in Proper Container 

Y a NA Bench Sheets (Data Packafie Completed With All 
Information, Including Special Instructions 

Y N NA Blank Correction Procedure Followed 

Y N NA All Calculations Checked 

Y N NA QC Within Limits 

Y N NA Out of Control Form Filed 

Y N NA Analysis Anomallies Noted 

ANALYST COUUENTS: 

ANALYSTS REVIEW DATE 

SUPEBVISOa ITENS 

Y N NA Results Appear Reasonable 

Y N NA Re-run Decision Documented 

Y N NA Holding Time Violations Documented 

SOPEKVISOa COMMENTS: 

SOFEaVISOR APPROVAL DATE 

DATE DATA ENTERED ^BY WHOM 

Figure 2 - Data Review Program Form 



Page: 10 of iz 
Date: 12/9/87 
Number: LP-RHA-0002 
Revision; 0 

DATA BEVTIW PBQGSAM 

LEVEL 2 REVTEff C^HKt:}lLIS7 PROJECT » 

IH0Bt5AyiW= METALS NQH~HETALS 

Y N MA Projec-c Assigxment Record (LIMS) vs. Actual Data 

Y H NA Preparation Lab Notes Reviewed 

Y N HA Special Instructions Followed, Check Item 
Project Specific QC 
Raw Data Requested 
Limited Sample Volume 
Special Preparation Needed 
Custom Analytical Test 
Special Holding Times 
Other 

Y N NA Sench Sheets (Analysis Package) Complete 
Y N NA Special Instructions Noted 
Y N NA Detection Limits Correct 
Y N NA Blank Correction Procedure Fallowed 
Y N NA Significant Dibits Correct 
Y M NA All Calculations Checked 

Y H NA QC Checked and Acceptable 
Y N NA QC Lot Assignment Correct 
Y N NA Out of Control Form Filed 

Y N NA Analysis Anomallies Noted 

Y N NA Re-run Decision Documented 

Y N NA Analysis Date Reflects Date of Accepted Data 

Y H NA Holding Time Violations Documented 

Y N NA Camera-Ready Report Cover Sheets Completed 
Y N NA Prep sheet Attached 
Y N NA Analysis Anomally Sheet Attached 
Y N NA Raw Data Attached 

LEVEL 2 EEVTER APPROVAL DATE 

CORRECTIONS ENTERED DATE 

SUPERVISOR APPROVAL DATE 

Figure 3 - Data Review Program Form 
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GC/MS DATA RCTICT CHSaOJST 

a 1. Check LIHS Test vs SOP. 
CI 2. Check anomalies sheet and QC forms. 
CI 3. Check standard and see if it was updated. 

4-. Look at chroaatogram for: 
Q a. carry-over 
C b. truncating peaks 
CI c. general chromatographic quality 
^ d. very large unknown peaks 

CI 5. Recalculate run factors. 
CI 6- Check surrogates. 

7. Check Quant list for: 
a. linear r«ges 

iC b. co-el uting compounds 
CI c. IS areas 
CI d- carry-over 
8. Check spectra for lO's and saturation. 

CI g. Check If TID's are pulled if necessary. 
10, Check chromatogram vs Quant Itst vs TID's. 

CC IX. Recalculate all target compounds and TID's. 
CI 12. Note any anomalies not on form already. 
iC 13. Over-all project review (compound types, ratios}. 

Figure 4 - GC/MS Data Review Checklist Form 
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Y H HA Project Assisnoeat Record (LIMS) vs. Actual Data 

Y N HA Preparation Lab Hotes Reviewed 

Y H HA Special Instructions Followed, Check Item 
Project; Specific QC 
Raw Data Requested 
Limited Sample Volume 
Special Preparation Heeded 
Custom AnalTtical Test 
Special Eoldins Times 
Other 

Y H HA Bench Sheets (.Analysis Package) Complete 
Y H .HA Special Instructions Hoted 
Y H HA Detection Limits Correct 
Y H HA Blank Correction Procedure Fallowed 
Y H HA Significant Digits Correct 
Y H HA All Calculations Checked 

Y H HA QC (Hiecked and Acceptable 
Y H HA QC Lot Assignment Correct 
Y N HA Out of Control Form Filed 

Y H HA Analysis Ancmallies Noted 

Y M HA Re~mn Decision Documented 

Y H HA Analysis Date Reflects Date of Accepted Data 

Y H HA Holding Time Violations Documented 

. Y H MA Camera-Ready Report Cover Sheets Completed 
Y H HA Prep sheet Attached 
Y H HA Analysis Anomally Sheet Attached 
Y H HA Raw Data Attached 

LEVEL 2 BEVIEH APPROVAL DATE 

COHHECTIOHS ENTERED DATE 

SOPEHVISOa APPROVAL DATE 

Figure 5 - Data Review Program Form 
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ENSECO PROPRIETARY INFORMATION STATEMENT 

This document has been prepared by and remains the sole property of ENSECO, a 
division of Corning Lab Services. INC. It is submitted to a client or 
government agency solely for its use in evaluating Enseco's qualifications in 
connection with the particular project, certification or approval for which it 
was prepared, and is to be held proprietary to Enseco. 

The user agrees by its acceptance or use of this document to return it upon 
Enseco's request, and not to reproduce, copy, lend or otherwise disclose or 
dispose of the contents, directly or indirectly, and not to use it for any 
purpose other than that for which it was specifically furnished. The user 
also agrees that where consultants or others outside of the user's 
organization are involved in the evaluation process, access to these documents 
shall not be given to those parties, unless those parties also specifically 
agree to these conditions. 

1. Purpose: 

To create analyses records in the laboratory computer for notification to 
lab analysts. 

2. Policies: 

Log-in must be completed within 24 hours of authorization. Authorization 
occurs after all discrepancies are resolved or in some instances approved 
addendas are received. 
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3. Safety: 

Always wear gloves, safety glasses and lab coats when handling samples. 

4. Procedure: 

As log-in proceeds fill out the LOG-IN checklist (Figure I) and address 
all the issues on this form. 

4.1 Once all discrepancies (as described in the sample receipt SOP LP-
RMA-0005) have been resolved as best possible, go to the second page 
of the project screen in LIMS. Make sure that the correct 
information regarding turn around time, due date, date of receipt are 
present. Accept the samples by using the sample delivery acceptance 
soft key. After each soft key, a "do" or saving key must be used to 
save the changes. Samples cannot be logged in unless this step is 
performed. 

4.2 Determine group codes for each sample. Samples with the same 
analytical requests and same matrix type should be grouped together 
in one group code. Check with the project administrator regarding 
any special instructions for the samples. 

4.3 In LIMS, go to "Group Code"by using the "Group Code" soft key. Add a 
group code by pressing the "Add Group Code" soft key. In the group 
code the LIMS sample numbers, matrix type and total sample number 
fields should be completed. 

4.4 Next go to "Test List" using the "Test List" soft key. Use the "Add 
test list" soft key and add the test codes that are applicable to the 
client request for each sample as listed on the chain of custody 
and/or other supporting documentation. 

4.5 Create group codes and add the requested tests for all samples with 
similar sample matrices and analytical requests. 

4.6 Add any applicable special instructions for the corresponding 
groupcode in which the sample(s} is assigned. To input special 
instructions, the following sequence of soft keys must be used. If 
others are used, the special instructions will not appear. "Group 
Code", "Test List", "More Functions", "More Functions", "Group 
Instruc.", "Add Instruc." If special instructions are long, 
additional sequences may be necessary. Make sure a note that there 
are additional sequences is added. 



RHAL Industrial Sample Checklist 
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Project #; Date/Time Received: 

Company Name & Sampling Site:, 

•Cooler #(s): 

Temperatures:, 

* Place copy of airbill 
inside all non-RMAL 
coolers. Describe here. 

UNPACKING & LABELING CHECK POINTS: 

1. Radiation Checked; (record reading if > 15 mr): 

2. Cooler seals Intact: 

3. Chain of Custody Present: 

4. Bottles broken or leaking (comment if Y): 
-photograph broken bottles-

5. Containers labeled (comment if N): 

6. pH of samples taken: 
-any discrepancies between pH and bottle 
type? (list below) 

INITIALS 

7. Chain of Custody signed with date, time & lab: 

8. CoC agrees with bottle count (comment if N): 

9. CoC agrees with labels (comment if N): 

10. VGA samples filled completely (comment if N): 

11. VGA samples preserved: 

12. Sediment present in "D" bottles: 

13. Short holding times: 

14. Matrix QC verified: 

15. Multi phase samples present (comment if Y): 
-photograph multiphase samples-

16. Clear picture taken & labeled: 

Comments: include action taken to resolve discrepancies/problems. Include a 
hard copy of VAX mail or extra paper if more space is needed. 

Sign and Date:, 
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4.7 Go to the sample list by using the "Sample List" soft key. Add each 
sample, (use "Add Sample" soft key) filling out all pertinent 
information such as; sampling date and time, group code, bottle types 
received. Fill out all fields. 

4.8 Print the sample list, and a group code report using a control"R" at 
the sample list screen and group code screen. The paper work should 
be placed in the project folder. A level 3 checklist (Figure 2) 
should already be in the the project folder. Abort from this data 
base and go into "Project reports". Go to acceptance letter and 
print the acceptance letter by using the appropriate soft key. By 
using the appropriate soft keys print the sample description and 
request list paper work. This paper work should also be place into 
the project folder. 

4.9 Fill out a chain of custody (Figure 3) for subcontracted work if 
necessary. A purchase order (Figure 4) must also be filled out. For 
subcontracting to another Enseco facility fill out the 
Interlaboratory Analysis Request form (Figure 5). 

4.10 Perform any compositing, filtering or splitting as necessary. Create 
any additional preserved bottles if necessary. 

4.11 Put samples in the proper locations. Volatiles are placed in 
separate refrigerators. Waters for organic prep are placed in 
refrigerators near the Organic prep labs. All other samples are 
placed by team identification in the walk in refrigerator. 

4.12 Place project folder in the appropriate location for the team. 

5. Responsibilities: 

Project Administrator is responsible for reviewing that the log in has 
been performed correctly based upon the client's requirements and that 
sample receiving personnel are notified of log in errors. The Project 
Administrator is responsible for confirming that errors have been 
corrected. Sample receiving personnel are responsible for transferring 
the information received with the samples to the laboratory LIMS system 
and ensuring that a hard copy of this information is placed into the 
project folder. 

6. Definitions: 

Special instructions - Typed instructions in LIMS to the teams and 
analysts that are necessary to complete the work and can not be indicated 
by using one of the test codes assigned to the samples. 



RMAL Industrial Login Review 

Project #: 

Set-up By: 

Logged By: 

Revision 3.0 February 27, 1992 

Dup'd from project #: 

Dup'd Group Codes: 

Date: 

SAMPLE CONTROL REVIEW 

1. Chain of Custody filled out correctly: 

2. Short holding time worksheet correct: 

3. Sample bottle/type correct: 

4. Overflow sample storage in special instructions:, 

5. All login paperwork included and correct: 
Sample list, group code report •& acceptance letter 

6. Trip blanks, equipment blanks, and field blanks 
have correct aliquot designation: 

INITIALS 

7. Sample disc., request list, and 
acceptance letter in folder: 

8. Comments: Include action taken to resolve discrepancies. Include 
hardcopy of VAX mail, or extra paper, if more space is needed. Sign 
and date. 

PROJECT ADMINISTRATOR REVIEW: 

Report input sheet: 
Invoice information: 
All discrepancies resolved: 
Sample and test matrices correct: 
Sub paper work correct: 
Clear picture of sub samples in folder 
Special Instructions in LIMS: 
Modified component lists checked: 
Project due, TAT, received & collected 

dates OK: 
Log released: 

N INITIALS DATE 
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LEVEL 3 CHECKLIST 
(To be completed at level 3 review prior to reporting projects.) 

CLIENT: PROJECT #: 

1. Is the chain of custody complete and properly signed? 
(CHECK: client IDs, date/time collected, date/time 
received, sample matrix.) 

2a. Have all requested parameters been reported for each 
sample. Including sub-out work and raw data? 
(CHECK: tests requested and methods referenced.) 

b. Have all miscellaneous items been checked? 
(CHECK: dry weight vs. wet weight, units, "J" values, 
"B" flags, reporting limits/dilutions, field parameters 
reported.) 

c. Mill reanalysis data be reported with original data (if 
requested)? 

3. Are the following forms/checklists available and complete?: 
-industrial report writing checklists 
-anomaly forms 
-out-of-control forms 
-holding time violation forms 

4. Are ALL changes effecting project/program specifications 
documented and present in the project folder? (This 
includes phone logs pertinent to the project specifications 
and project anomalies, all change orders, HT violations, and 
changes in TAT.) 

5. Is the report consistent with the specifications in the 
Program Assessment Checklist (PAG)? (This includes format, 
DQOs, etc.) 

6. Are the project data consistent with related measurements 
and parameters, including sub-out work? (Does the data 
make sense from an historical or site specific perspective?) 

7a. Have all non-analytical items and invoice text items been 
added to the invoice? 

b. If the primary deliverable was late, or holding time 
violations occurred, have penalties been assessed and 
has the invoice been adjusted (if applicable)? 

Comments: 

PA Initials: Date: 

YES NO 
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CHAIN OF CUSTODY 
ENSECO CUENT 

PROJECT 

A Coming Company 

Rocky Mountain Analytical Laboratory 
4955 Yarrow Street 
Arvada. CO 80002 
303/421-MII FAX: 303/431-7171 

SAMPLE SAFE'" CONDITIONS 
PACKED BY 

SEAL INTACT UPON RECEIPT BY 6AMPUN0 COMPANY 

SEAL NUMBER 

CONDITION OP CONTENTS 

SAMPUNO COMPANY 

SAMPLINOSrlE 

SEALED FOR SHIPPINO BY INITIAL CONTENTS TEMP 

"C 
SEAL NUMBER 

TEAM LEADER 

BAMPLINQ STATUS 

D Done D Continuing Until 
CONTENTS TEMPERATURE UPON RECEIPT BY LAB SEAL INTACT UPON RECEIPT BY LAB 

• Yet • No »c 
DATE TIME SAMPLE ID/DESCRIPTION SAMP LE TYPE II CONTAINERS ANALYSIS PARAMETERS REMARKS 

. 

• 

CUSTODY TRANSFERS PRIOR TO SHIPPING 

RELINQUISHED BY (SIGNED) RECEIVED BY (SIGNED) DATE TIME 
DEUVERED TO SHIPPER BY , 

1 

METHOD OF SHIPMENT AIRBILL NUMBER 

RECEIVED FOR LAB SIONED DATEAIME 

ENSECO PROJECT NUMBER 

ENS-iiaa White - CLIENT Pink - LAB 

SHIPPING DETAILS 



PURCHASE ORDER 
NUMBER. 

Rocky Mountain Analytical Laboratory 
49SS Yarrow street. Aivada, CO 80002 (303)421-6611 

A DIVISION OF 
ENSECO 

INCORPORATED 

Show this Purchase Order Number 
on all correspondence. Invoices, 
shipping papers and packagas. 

Date 

To Contact. 

Phone_ 

Date Required. 

Emp. 
No. Dept. Project Quantity Itemit/Description Price Amount Rec'd Date 

Acknowledge promptly if you are unable to ship 
complete order by date specified. 
Invoice in triplicate. Signed by. 
SS-012 



INTERLA 
CHAIN 0 

lATORY 
JSTODY Company 

IIPAOE ^ 

L 
8HIP TO. ANALYTICAL REQUESTS SEND RESULTS TO. 8HIP TO. SEND RESULTS TO. 

• 
ATTENTION. ATTENTION, 

EXPORT ID COMMENTS 
SAMPLE 

CONDITION 
UPON 

RECEIPT 

SAMPLE 
CONDITION 

UPON 
RECEIPT 

1 

1 II 

TEST PRICE 
WRITTEN RESULTS VERBAUFAC RESULTS PO No 
REQUIRED BY (DATE) REQUIRED BY (DATE) 

SUBTOTAL Q C. n 8T*"n»"n "NAPf^O ncioBnOTOC"' P I^O'PCT SOEC'F"? .. . 

DISCOUNT / SURCHARGE RAMPI P niRPDRAI. Ppuspm nmrninMrnrnPUT D PHONP 

TOTAL DETECTION LIMITS •COMMONPRODUCTS • OTHER* 
^SPECIAL INSTRUCTIONS 

HOLDING TIMES GENSECO GEPA-CLP GTIER G OTHER* 

RAW DATA COPIES NEEDED GYES GNO 

CUSTODY SEALS INTACT GYES GNO G WET WEIQHT • DRY WEIGHT 
RELINQUISHED ^ DATE / TIME 

1 

RECEIVED DATE/TIME 

ENS-1109 
IMPORT COPY 
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USE OF PAR (Project Assignment Record) - Refer to QAPP Section 7.1 

SOP No.: Revision No.: Effective Date: 
LP-RMA-0004 Original 12/9/87 

Supersedes: 

1. Purpose: 

To designate and authorize the tests required for each sample (or sample 
site) and the matrix of these samples In order for a sample receipt technician to ' 
assign these tests in the lab computer. 

2. Policies: 

PAR'S are always filled out before the log-In process may take place. 
Changing a standard list of analytes for a test logged in must be approved by a 
senior level manager. 

3. Procedure: 

a. Choose one of the 4 types of PARs. 

Long Form - for projects Involving Mass spec., Chromatography, 
Inorganic and metal work. (Figure 1). 
Inorganic - for only Inorganic and metals work. (Figure 2) 
Chromatography - for only chromatography work. (Figure 3) 
Mass Spectrometry - for only Mass spec. work. (Figure 4) 

b. Fill In the Information at top. Group the samples by similar tests, 
required for the same sample matrix. Indicate the proper sample matrix 
(Figure 5). Indicate the proper test matrix (see the choices on the 
PAR). 

For tests 01 - water 
20 - solid 
40 - waste 
16 - TCLP 
13 - EP TOX 

Date: 

'-non > 
Managemenyn^raval: / 

( M WllA 
•' Date: 

12(0/^:?-
QA GfficejCApproval: / ) , / Oate: ' 
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c. Mark the colunns associated with each group of samples for the test 
desired (with an x). Some exceptions are: 

S or Q are required for some tests to indicate single or quad 
analyses 

T or D are required to indicate Total or Dissolved 

C is required to indicate a change to a standard list. For 
any C marked there must be an explanation written on the PAR. 
For example some analytes might be deleted or added from a 
standard Priority Pollutant Semi volatile list. 

d. New tests that are not on the. PAR must be created by the Data 
Administrator following completion of the Request form (Figure 6). 
Generic tests are available as place holders while the test is being 
created. 

5. Responsibilities: 

Project managers are responsible for the accuracy of the PAR. 

6. Comments: 

TCLP preps must be assigned. They are not pulled with the Job codes. Some 
tests are not to be changed or modified (ICPLIT). Not all created tests are on 
the PAR. Host of the tests that RMAL sends to subcontractors must be hand written 
on the PAR. (Figure 7) 

*7. Definitions: 

Jobcode - groups of tests that will be automatically assigned by the 
computer by the use of a simple phrase; example RCRAOIC assigns all 
RCRA tests. 



SOP No- LP-RMA-0004 
Page: 3 of 29 
Date: 12/9/87 
Revision: Original 

LOMC FORM PC 1- Atrisiaiu 6/8/87 Cumnt Rmstaic 9/15/87 (Job Qada Y H 

Vsajt inna n;r: ItoepntBl By: / / |SpeL asc Y K 

(SCOP sspl MCX Tesc tsac 

K 

B 
C 

0 

E 

nime tVM.i.U'i If RASa^: 

Hazmrd Lab«l: 

VblflCilA OrgmilfTi tut MIU OtJO ,lfir46 
Bfilngmiml (ZOr IKIU'ITIW ZaHXI) MWJT. 20 

VblBtllA tf02U 01^ ,16,46 
VOIL'S (ICR 1 Tnnrs) 6a2UL 20 

Iblaena, Ett^ribemam, Xylenes 01,20 ,16,46 
SOHkRaloblli M3.S0R 01 
AenUm d AerjAaidtriU 60SU OiJO 

604ZZ 01,20 
Baaidinex 60SU oija 
axOBlata 606IX 01,20 

60712 01,20 
QcganactiLacina PesUcixieVKB's 608 CO EP 01,20 ,16,46 
OC Pes&'fl/PCB's (ICR >M-:m TIIW UHZZ) CO EEL 20 

MEOES Ct<jnii« iilceane Eesticidaa/Fa's CO EP 01,20 
* ESL Ctgazsc&IeanB l>' ii li lili lyqrn'a •« OCPBSL 0140 
SL CCP'VKS'S (ICR I ism) 20 

CZP/BSL Ceganodilodm CO OP 01,20 
Appendiae 8 or 9 OEganodOocdm PmL/TOi'g COJIP9 01,20 
TOP* COXCZP 01,20,16,46 

OCPSDW 01 
* BCBl CeganortiloctoB PcitirifV i OCP BCR 0140 

FCB'S 01,20, 45 
Nitn-Anmatiex d. Cyclic KeUnes i09U OiJO 

PoLytuelear Atmwrln Sydroeaxbcns / 610 LCPNA 0140 ,16,46 
Haloethen oim OIJO 
Odennaud Hydnearboiu 6J2U OiJO 

Cujflfi.tbnspbJtB Pm.(.irridp« CPP 01,20 

•• Hose HodiXiable Tese 
• toBfetXBd Standard Bnadhact (01 £ 20 

Noced 
i) 01 6 20 Boldad - Std-IML OL 

Figure 1 - Long Form for GC/MS. Inorganic. Metal Analyses 



,! 

LP-RHA-0QQ4 
4 Of 29 

SOP No 
Page: 
Date: 12/9/87 
Revision; Original 

LONG FORM pt 2. Last Jtrnnon.' 6/8/87 Currm Rcmwn.- 9/13/87 

GC / MS Aaalyscs 

GC/LC AaalTiM (coat.) | Tast ID 1 Ma ericas | A a C D £ 

ifpaxiix 8 or 9 ri rlrU.'i ij CBP AF9 01,20 1 
JtCpendix 8 or 9 HwrtrirlfV^ j BRB AF9 01,20 " " 1 
TdP Hamicldea SE^3S^X9 01,20, 16,48 

HRBSDW 01 
HRBRCR ODIO 

Triaxina 6I9U OJJO 
QiHinnia>« 8 Qcea pestiddeV BPEC 01,20 
PBBCa 8 TaerwrtrlnrTThpnal FCP 01,20 

504IZ 
ne mn 

01,20 
fn vhs a^u 

GC BED 01,20 
ftabac MscdtaLa SolVBits GC ni 01 
SolvQlatlles Jay I6D H5D BHR 01,20 

ISD^ 01,20 
Seaivnl utiles fay FID OCEMR 01,20 

GC Bf 01,20 
Jt^ds by F3D GCACD 01,20 

DC 01,20,43, 16,46 

Priority PaUu&ixt VbUtilni WA 624 QUO ,40 16,46 

VUADA%b 

ENA62S 
W 

01,20 ,40 16,46 
Xffl 625 OUO ,40 
or 625 0140 ,40 

• HaTWTTlrm Satastsxaa List tULatiles VGA HSL 0140 ,40 16,46 • 
20 

BNA HSL 0140.40 16.46 
ACDHSL 0140 ,40 

• Kawrrdous SUwfauua List Base/Neu&al Qeq BNHSL . 01,20,40 
CXP/B5L Volstiles (QD's Daeluded) tOACXP. ni,20,25 

•• Hast Madl^lsblar Test C-Qiange noted. 
* R?e£erzQd Standard Ryrtrt (01 K 20 BoLded) 

Bolded 01 & 20 - Std.Frd. 

Figure 1 - Long Form for GC/MS, Inorganic, Metal Analyses 



SOP No. LP-RMA-0QG4 
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LONC FORM pt 3. Latt IterisioiL' 6/8/S7 Cunmt Rrrinm: 9/15/87 

GC/MSAxulysM (eaat.) 
CXP/SL SflBlvoLBtUes (TlD's Tnfflirlfri) 

Test IS 

Bma? 

Matrices 
01,20,35 

AH C D E 

ValAtili 624 01 

KFCES SeBrvoLBCiles SNA 635 01 
9 VoLadles VQAAS9 01,20,40, 16,46 

BOIAFS 01,20,40, 16,46 

appandix 8 er 9 CMiii iivuml Oodxs & Sims QUI an 01,20 DifJ2 

OA-OS rHrnrirrri 4 SUrans DXN 01,20 DirJ2 

8 wn vtiietiieg DCMm 01,20,40, 16,46 
appndix 8 SflHlsolafcUes WKSnx 01,20,40, 16,46 

Is VblstUi 01,20,40, 16,46 
istdc Soivalatiles 01,20,40, 16,46 

TCIP / LBOI Stearrlrrtm WLatiles VaUJIR 01,20,40, 16,46 
TOP / land Hestrlrrim SealvaLatili 01,20,40, 16,46 

Volatiles 01,20,40, 16,46 
BtfiaoEy VGA'S (ICN. m VOKOL 20 

BIA 01,20,40, 16,46 
Bf SNA 01,20,40, 16,46 

PalynocLaar ai,20,40« 16,46 
EBtlra TrtmMflmiaan Vialstiles mACD 01,20,40, 16,46 

HeofcatlvB Zdecdfieatlaa SenivaLatiles SNA CD 01,20,40, 16,46 
. VoastUi VGA CBR 01,20,40, 16,46 
Semivala£iles BHACSR 01,20,40, 16,46 

Olzeet aqoaous Bijeeadm VblatUes ^CAZ 01 
Pijwrtm Semlvalatili aiA oai 01 

BaUed 01 « 20 - Std. WxA. 

C - Omgs Noead 

Figure 1 - Long Form for GC/MS, Inorganic, Metal Analyses 



LONG FOKM pf 4. 

SOP No. LP-RHA-0aG4 
Page: 6 of 29 
Date: 12/9/87 
Revision: Original 

Last AmsioK 6/1/87 Current genstant 9/15/87 

1 <•« »> «< »> INORGANZC CaSMISTRY «< »>» 

PhTdcai Tasu Test ID ( Matrtecs A -B. C D E 

<gOii !.mivxcy By pa urns » 01.20 
OJiimlvHy, NMZ mcB 01.20 

@Odar 
UX 

01 
Psrticla Slxa / Hydmeec 20 

20 
lydtahlllty, caoaedO? EXSBFI 01.20.40 
Petoent dl/Water/Salid ((VV^S) 406 40 
Pgmpnr O/H^ (Modltied Oven Tactnlqae) 4GKSMX 40 
Oil 6 Grease / Gravaaecsic BUiOfiC 01.20 
Oil a Grease / Tnftaced SpeeaoBeBBr (IB) IBOGG 01.20 
tenmaeic Oil & Grease / (IB) IB Aoas 01.20 
Total PatmlPim Hydrocaxt»ra (TSH) / (IB) IB TEH 01.20 

MlaanlTcm • 

M 1 

(gjleixUty HEascro 
WApAM 1 

01.20 
MBTHT • 01,20 

PEL teta W-ilWH 20 
(gAllallntSf, 1W»1 i MESOS 01,20 

BDECnSD 
Bttdness, ICP ICTAR* 
Sedim adsaaqption Ratio (SXR) ICP SAR 01.20 
catiea fiodiange capad^ ICPCEC 20 

Sea Job Cad a: BSBAXAHCS 

Oxrcca Dmaad / Carboa 

(aBtoefaMlcal oxygen (BOO) ME3SOO 01 
Owiral CBQgea (ODD) MQCGO 01,20 
qvit-ail 0;ijJin4>* II 01/20 DiiJLl) 
Eucgeabla Organic (K3C) Txxsaz 01 
OissQlVBd Oujanic OiTtm (DOC) 01 

Q SHORT HOLDING TIMES C-Qiaaga Noted. 
da not need an additional letter 

Figure 1 - Long Form for GC/KS, Inorganic, Metal Analyses 
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tONC-FORM nS. Lou Rrrmom: 06/08/97 Curmu Rmsmu 09/15/97 

Nltrocca 
Toeed xSadBtd Mtrmjiii (TSH) 

Tut ID 
nw 'ivw 

Matiicc* 
01,20 

^TtanrTTW 01,20 
n4u-tn»4 01,20 

«airtt=rL-te. wtt=g=en 01,20 

(gHltsm. HI 01,20 

Hltslte Plm wttnte. Nlttgaa 01,20 

Qmrau.tC /CN03 OIJO 

ttatriu.JC ICN02 ouo 
Toeal Oujanie mtrsgen I Jcb code : TCNQl 

PhoaviMns 
gOnDmiJusghata, cdlogdaettlc TBCO F 01,20 
0CCtDapbaspbate, ZC ZC FM 01,20 

BaLypbospbata, ZC ZC PEO« 01,20 
Total Bsospboeos, Ooltiriaettlc TBCIF 01,20 
aoapbacos, ZCP SaaZCFSmta Goopoonds 

Satlda 

Total solids CB) Bazas 01,20 
Total Siwpmliirl (TSS) BAZaSS 01 

0TOtal Olssolwad Solids (TQS) BAZSCS 01 
20 

BolatlU Sispandad Solids (VSS) 
onAdbva 

01 
0aia±idit]r (MZD) SFULUU 01 
Sattlwihlw Solids (SS) < 1 WhSS 01 

-

Micrablolaty 

0COli£am, Total COCaFT 01 
^OalidOEB, Facal OOZZF F 01 

. • 

• S-5; 

C-Oianga 

@ SHORT HOLDING TIMES 

Oor .01 Ody; Odjac do not: need an additional let) 

gnrtrrllTnl Trnn ftrr Prrfmrrt 

Figure 1 - Long Form for GC/NS, Inorganic, Metal Analyses 
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Last Heruian: 6/8/87 Current lUruiov 9/15/87 

Salphar | Teat ID MaCrtcea ABODE 

XES04 01,20 i 1 1 1 
SEE904 
SDRSQ3 

01,20 
on 30 1 

1 
1 

ZCSOI 
wyh#«i# 

01,20 
1 
1 

1 
1 

SPSS • 01,20 1 
adCUe. ZC ICS 01,20 

SBUor, Its Saa la solta Ommiiia 
Stiltida- RaaetiVB SEES R 01,20 

ZCS2Q3 01,20 
Wocvaimcca, IE ICSQl 01,20 

. 

CraaM* 
Qnida, Zbal 01,20 

01,20 
TBOZr W 01,20 

CeaaUa, ZE ZCGI 01,20 
qionida - BaKtlvo 01,20 

' 

. 
H«lac«« 

ZC ze Es 01,20 
afledde, TilTlwittac 01,20 
rwoHA.. Te ICCI. 01,20 

^tCblodaB, Besidoal PCBDnZR 01,20 
anrtilBrnOa, ZC ZCCZ04 01,20 

oaaddiu-BLfis 01,20 
.TnnnrtrVi, Dlaellled, Elwcfwda HEar T 01,20 
Aarttf«./C tCF OIJO 
Zbdida, ZC 2C Z 01,20 

OD^BBdjC BBlflQBl (SCDQ QI«20 
BiLi/wihiw OBganic EPalogm (FOX) 01 
Dissalved Otijariic Bslogen (DCK) 01 

- f-XOC&l, IHZLssolv^ n^ItenwnSelf' 
e SHORT HOLDING TIMES, CKlianga HOtaadL 

do noe need an additional Latter 
Ohdarllned Iteiti Am Pneferrad 

Figure 1 - Long Form for GC/MS, Inorganic, Metal Analyses 



SOP No. LP-RHA-0004 
Page: 10 of 29 
Date: 12/9/87 
Revision: Original 

LONG FOBM pf S. Last /Urtsian: 6/8/S7 Current gjtnston: 9/15/87 

Trace Metals ky ICP A AA ^ TMI ID ( Matnccs A B C 0 E 

* IS Sean / 27 Mscals, Steadera ?radacx IBS IZ« 01,20 1 
ICPMaetOs, SalnbLs Salts jlCPSS 01,20 - 1 

1 
IBS* 01.20.T16,T46 Sea balcv 

Test ID A B C D iKSS- Test ID ABODE 

fiSBS 

Manganese, BS 
tteBBW.. C7 JUL t wile 

Malytadoaaa, IS 
Bcsenie, EVtm AA EftS* mckel, BS 
taaenis, BIyd Gen DEV. 22 OeaiiB, TT? 

Atseoie, IC? tto^toes, BS 
Pocassin, BS 

Bgpan, DCS SaLemxai, BsaAA ESE* 
cartriian. EUmJUk Ra> Seliviim, ^ Gen Die. 22 
OpImHTn. 2EP Silica (Siffi), ICP 
fBleim, IS Silicon, TCP 
OniiiilTPii (m) CB»-34 Silver, Bjm AA EMS* 

sacas* Silver, BS 

cobalt, TCP Stiasncaua, 
OoEper, ICP 

Zken, BS FHA 
Lead, Ibt Qi^anic Tin, BS 
lead, EUtnanM EPB* 
Laad, ZS 

rrp Vteadim, VS 
Ma^neaim, ICP Zinc, KP 

• D-Oisscalved. R-Becawerable; (01,20,16,46 oacrlces fee Za>* 6 FUmaae Tests) 
• DIS - Dlssaivad, TOf- Ttatai. 

Figure 1 - Long Form for GC/MS, Inorganic, Metal Analyses 



SOP No. LP-RMA-0004 
Page: 29 
Date: 12/9/87 
Revision: Original 

LONG FORM pg ». Lea SeHjiaK i/t/87 Carmu ReaaoK 9/l5/t7-

laorguie RcgvUury Ftckagcs | J«b Coda i Matrtecs ^ A B C D E 
JlppendUsc m '' Kaeai^/Ti> iiijjni>-i» UBMMI 01,09,20,40.1611 1 

E 

a^^endix IX MealstataqBQics aP9*«HI 01,09,20,40,164 1 
BXSKUIKS 
TITTMtMT 

09 
01 09.20.40.16 

1 

CXP / '^esT. '" 
OBU^-EaL 

OPMHI 
WA, , *1, , , AM 

01,09,20,40 

SOWk ndaary Metals / Sntganica soopMtva 
ercaafiMMT 

01,09 
m 09 

Bcak Total Metals 
9Mnfi3*^nb 

BCBRMM 
VJ,, WA 

01,09,20,40 • 

VtSKSP Z Metals EES POM stil.Pnl. CL 1 
BCEQIEP IIMetals EEZZ ROM 1 
MBL ISprMiptiUKt-^ Baas*«(Vi/B 01,09 1 

ROnQooKI 01,09 
Baai*«tfit 01,09 

PrifTciry FaUutane Metals EP**M 01,09,20,40,161 

PP^I 01,09,20,40 
aedneey (Buaxdoos OanstiBsBit) afctBL»«M 01,09,20,40,16 
Baflnesy EP X Metals EPZ RSK 40 
HB£lnety EP ZI Metals EPn SEEK 40 
MPCES Part A Zoaeganics IIPDlk**I 01 
KECES Vast B Metals / toaeganics / RW (HPDBMtHIR 01 
MPOES ftKt C Metals / Itecganics |PP*«(VZ 01,09,20,40 
TCIP Metals Aqjaous Laacfaate joiCMM 01,20,16 
TCCP Be£ix]ery Metals I See BEEHafM 

• S-Single, Q-Quad 

Figure 1 - Long Form for GC/HS, Inorganic, Metal Analyses 



SOP No- LP-RHA-Oa04 
Page: 12 of 29 
Date: 12/9/87 
Revision: Original 

s lOR Fcm pglO. Last RtmioK 6/8/87 Curma HensiaK 9/13/87 

Itm Nmmbar Ouatcs 

CaMmmti To Sompio Rccci*iat: 

Figure 1 - Long Form for GC/MS, Inorganic, Metal Analyses 



JOB CODES PC 1 

SOP No. LP-RHA-0004 
Page: 13 of 29 
Oate: 12/9/87 
Revision: Original 

LasLtttfisum: */2/t7 Ixxuad: 6/S/S7 

SSWA OrloiclBC Water Farmmatars J-CPPE ID 1 Matricaa A B C D £ 

SQR»P**C 01.09 

Maary Macals 01.09 

ftdBBsy fiosgaxics SXOPMI 01.09 

ntery IteUflctaeoDsczy saaF*«R 01.09 

BdsBzy OEganiei sorapMo 01.09 

SflOEDdary Mecals / tooBgaaics SCRASMMX 01.09 

Pifarity Follataatt 
rrtTpiitrw lEFMc 01.09.20,40 1 

Habals |R*«H ai.Q9.20,40,lfij 
atinjwiitm jnpMi 01.09,20,40 1 
Qeganics |EP**o Q1.09,20,40,16j 

Haaardoos Sabataaca Uit 
nnmirrii lB5b*«c 01.09,20.40 
Habala/SnoDganiea |BSL*na 01.09,20,40,16 

01.09,20,40,16 

RCRA Croo^watar - Maaltoriag Paraautafs 
soltablltty o li^iia^ BonsMC 01.09 

BCSftSaaH 01.09 
SOttability TVangnrlrTs BCBASMI 01.09 
sotbability Rwllndvml^ Raas**R 01,09 
SuUabllity BoasMo 01.09 

Baao*«Ki 01.09 
UUcatar Xtacganics BOOZ**!# 01,09 

CLP / EPA Rapart Pacfcagaa 

02 C 
Hatals / Jhatganics dPME 
otoanics dPO 

# S-Slngle, Q-Qjad Etac 01 (09 Katzdjoes cnly 

Figure 1 - Long Form for GC/MS, Inorganic, Metal Analyses 



JBBB- SSJL 

SOP No. LP-RMA-0GG4 
Page: 14 of 29 
Date: 12/9/87 
Revision: Original 

Last Rmstam 4/2/ST Issued: 6/8/87 

Wait* CharacicrUtlci A Othar Tcstt J.caDEID Matrices < A 
en t 

B C 0 E 

liEiwjnmn^ 
ZSl/ Hacals . m BOM 

1 

SE BOO 
EEIX QUy wuea Macals mx Ba« 

OdC^lVO/C 01,20,16 

Xnl Resnrlrrlm Asia dRMO 01,20,16 

RCSMiBtala BCSA**M 01,09,20,40,16 

RaClaory Haaardeea Coastltacati (HQ 

BCCspleea BBBC*«C 01,09,20,40,161 

BZMatala 01,09,20,40,16 

EC Oc^flziics 01,09,20,40,161 

Wuu ChancxtrUtics - Rcflacry 

DaoBgaxdcs BEI«C«I 40 j 
EEXHetaOs EPIBEZH i 
on CUy Htata Hstals UXLL BEEN 1 

Avpcadlx S LUt 
mnplffTa fJkEBMC |01,09,20,40,16 
HBtala / XnoE^BiiBS |2PB**MX |01-,09,20,40,I6 
Oe^in jitEBMO 101,09,20,40,16 

App«a4lx 9 LUt 
AP9*«C 01,09,20,40,16 

ntala / XOoBganlcs AF9*«KX 01,09,20,40,16 

Ottpinlna AE9*«0 | 01,09,20,40,16 

loabalaace 

QS^LsCtt 01,09 

01,09 

Anions AKXOS 01,09 

TCLP MASTEa.(M40), PREPS : THESE ARE NO LONGER INCLUDED IN JOB CODES S 
YOU MUST PIECE THE M PREPS TOGETHER WITH DESIRED ANALYSES ; SEE FLOWCHARTS 

HRIP Seep / EXTRACTABLS Ot^irs Only - M40ICIPO 40 

TO? Seep / VOLATILE Ocganlcs Only HiOZHE 40 

TOP Rrep / METALS Only IMOXCEHl 40 

TOP Scnp / METALS A EXTRACT. ORGS Only K40ICIP 40 

1 

Dicljxles Pesticides 

Figure 1 - Long Form for GC/MS, Inorganic, Metal Analyses 



SOP No- LP-RHA-0QG4 
Page: 15 of 29 
Date: 12/9/87 
Revision: Original 

WORO CHRMZSTSY pc i. issz Aerutait; 6/8/37 Current Reytsienr 9/15/87 |jab Cede : Y R 

ELUjau. i jnoi). Mgr.: ay: / / ispel- Y K 
Group Ube Tese Mbe 

A ' 
B 
C 
D 
E ____ 

ttwgJinf raKal • 

Oiatc Desssz^aca BMtSBBla 

PhTtlcai TcsU Tcet ID Matrices { A B C D E 
@ooozQBiviC7 by pa MESH « 01,20 

cbttoalvlcy, nus 01,20 
^ QslflC HESOQCR 01 
@Cdar COCR 01 

sertlda Size / Bydtsaecer 20 
Xbrtlcia Size / Sieve 20 • 

ZXSBPT 01,20,40 
Eezoene oil / Rtter / Solids %aRS 40 
Oil & Gceasa / 'GEaeinsaettic BKLOCG 01,20 
Oil & Gceasa/ TntTrtred Spa,i..iiip-I,m (S) St OSS 01,20 
Azoattc Oil 6 GEBBsa / 3R SIMCC 01,20 

StSH 01,20 
Mlecral Tcstt 

eftse t AT 

@«cUit7 MFTRTTn 01,20 
@pfl MESH # 01,20 

pB, paste HEQHP 20 
MEnzs 01,20 

BazdKsSf titeadfln BOPraSD 
Bazdness, ICP XCEBAR* 

• Sfldian Msozptiaa Batia (Sffi) XCPSUt 01,20 
19 CBC 20 . 
Tomajsis: 

lai Balam (KsjafOtian^Milflns) See Job Ooda: lENBMJWCE • 

OxTSce Deued / Carhee 
0BlocteBiBal aegqm nemnrri (BOO) MEQOO 01 

Otfialnal Caqgen Oeaanl (COO) HBDQQO 01,20 
TfK 1 01/20 DitJ2} 

n&qeable Ottyinln Oirhm (FX) lOCXOC 01 • 

Dissolved <•>' cazbon (OOC) TiOCDOC 01 
* S-Singla & for 01 Kaaax OkUy; otter 
•• T-OOeal, D-Qlssolvod, R-Raooverabie. 

C'-Cbanja nocad. 
ioes do noc naad an additixsiai letter 

e SERT lEZBlllS TOES 

Figure 2 - Inorganic and Metal Analyses 



DfOaCANIC CHEMISTSY pc 2. 

SOP No- LP-RHA-0004 
Page: 16 of 29 
Date: 12/9/87 
Revision: Original 

Last HeristatK e/8/87 Carrenx JUriston; 9/13/87 

Nltrotca t Test ID Matrices ^ A B C 0 £ 

Sttal KJedabl Klttogen COS) 01.20 <1111 
01.20 < -1- 1 1 1 

lniwniii, Dlsemad |TBQiB3T 01.20 
Ol 20 

1 1 1 1 
1 1 AW 

01.20 
1 

1 
01.20 

/CJV05 OIJO 
e latrUe. IC ICH02 OJJO 

Sea Job Onrint mni 

Phosphorw 
TBUJ P 01.20 
ICXC4 01.20 

BaLypbosobaCSf 2C IC SS04 01,20 1 
^SCX P 01.20 1 

BBSpbOCQS, S? Sea IC? suite QaqxuxJs 1 
SoUds 

Ideal solite (XS) BUSS 01.20 
Total SnspmlHfi Solids (TSS). BUSSS 01 
Total UssolVBd Solids (TDS) BUSSS 01 
Total PblaeUa Solids (TOSI) BU3VS 01,20 

BUISS 01 
eitirtildl^ (NXO) snouKB 01 

Sattlaatala SoUds (SS) 01 
Mlcrobloloty 

< < II .11.' X 01 ! i 1 1 
^Oolidom- Fecal /rw.tf p 01 1 1 M 

Saiphw 

smtgft. IC ICS04 01,20 
Suteata. TUtbidiaaeric SSESCA 01,20 

BSBsaa 01.20 
@SuUite, IC Tcsca 01.20 

SPBg • 01,20 
sulfur,- ICT See lO suite CBo^otsds 

SPSS R |01,20 

•miosuifate, IC IC 5203 101,20 
Siitsyanate, IC IC SOI -|01,20 

* T-Ototal, D-Oissalvacl; £ar 01 aatxix; 
Total suUide only. Cor 20 aatruc. 

tTnderliriad Itaas Are Prgferjad 

Figure 2 - Inorganic and Metal Analyses 



IMORGAMIC CHEMISTRY pt 3. 

SOP No. LP-RHA-00G4 
Page: 17 of 29 
Date: 12/9/87 
Revision: Original 

Last Serisiaii: 6/8/87 Csarent HcnstoK 9/15/87 

C7«ald« Test ID Matrices \ A B C D E 

cyanide, Tcoa 01,20 H 1 1 1 1 
ZSCCI F 01,20 1 - 1 1 

qfmidn. Hnak « Dissaeiiiblfl 01,20 j 

cyoBida, ZC ZC cr 01,20 j 

cyatdda - Beacexve 01,20 1 

Haloctas 

BEoaida, ZC ZC SR |cn.,20 
fMnrlrtw. ittidaeadc 01,20 

flflflrige. TC 3C a. 01,20 
QfMnrtm, Besidtxal PIU'ICT 01,20 

dda ZC 3E 004 01,20 

FlBBgldei ?3ac AOTF o;jo 
nnortiflw, Oistdlled, TlwTiuto HEXFT 01,20 

Ftyaride. IC icr 01,20 

TnrHrtw , IC 01.20 

OtvyinliT Salogea (XGK) 01,20 

PiMjHiihla CBqwTic Bwlfflyn (POX) 01 
Odnolxrad Hhlegen (OOOQ 01 

Radloebamistry 
GEDn Alpha 6 Beta (BRQUEB 01,20 DitJZ 

lead 210 ilOPBIlfl 01,20 DitJ2 

Badim 226 jR«3226 01,20 Dir^Z • 
Radim 228 |BA0228 01,20 DifJl 

230 |BX1B230 01,20 DhJ2 
01,20 DiT.i2 

Other Testt 
QTtmaa / Lignin 0C7. 22 01,20 

HMnalics (4-MP} SEQSEN 01,20 
@SUE£accanes (MBKS) SSEHBAS 01,20 

icscaM 01,20 

» 

TCLF Master Frcp 

tap Step / METALS Only massstL 40 

• 

• S-Glnjle, Q-Quad. tor 01 aatxix only; PnderliT«l Ttaas Are Pg'efgrt^l 
20 matnx Uere OiaiA. 

Figure 2 - Inorganic and Metal Analyses 



SOP No. LP-RMA-0004 
Page: 18 of 29 
Date: 12/9/87 
Revision: Original 

INORGANIC CHEMISrSY pg 4. Last Heriuon: 6/S/S7 Curreta Renstan: 9/1S/S7 

Trace Metals by IC? A AA II Test ID 1 Matrices A B C D E 

TO Scan / 27 Macals, Siaadard Prodact (2CF LI« ij 01.20,16 1 
jlCPSS <01.20 1 1 - - 1 

1 1 
TO Slitta / Choou fram Uiti B«lo« I01.20,216.T46 I SM MOW 

Chooso: 2X7 Sulca. 
AA Metals Test ID A B C D E 

Choose: K?,Saite. 
Test ID A B C D £ 

Mtgenesa. IS * 

am iiii ly. pusi AA FSB* Marcary, CT AA SBB* 
Holybdetsat. IS 

Jteaenle, EUmAA FAS* Mcksl. IS 

AtacsiiB, Bfi Gen DE7. 22 • ObUiSS&e 

ABHBUSf 

Wfirtiffii, XCF 
narvvltHim m • • 

BasOf 2CP FSE* 
Ortrim, Fum AA POS* Saleniipn, Gen DI7. 22 

ortirinw, ICP Silica (5102), IS 

siHrm, IS 
C&»>3« Silver, FUznAA FAG* • 

Oni'ii™ (VI) SEBOtS* Silver, IS 

Ormpiiai. IC? Scdlam. IS 
ttbalt. IS StsxncixBi. IS 
Capper, IS Stilrhin: 

PTL* 

Lead, Tec Oivyinir; Tin, IS 
rtonoa AA FEB* XtCaniUB. IS 

Lead, IS OfcaniuB, Kadcal 
Lltninm. IS VjanadlUB. IS 

Haqpesim, IS Zinc, IS 

i 1 

* R^teoBverable; (01,20,16,46 aatrix Car XCP* and mtxaoe Tests) 

Figure 2 - Inorganic and Metal Analyses 



JNOSCANIC CBZMISTSy pc 5. 

SOP No. LP-RHA-Q004 ' 
Page: 19 of 29 
Date: 12/9/87 
Revision: Original 

Lau RtyistoK 6/8/87 Cumnt Aenstax 9/13/87 

laarcmaic Sc««UtorT Pxeiutci Jab Code Mscrice* || A | B C 1 D E 

Attwrrllic V^O:! Secals / Znorganics 01,09.20,40,lfil| 

Anwnrttie ZX Meeals / Znocgamcs AP9*W 01,09,20,40,16^ -

Appendix XX Opdanal-llaeer Cbemisav Paxzm XXXOAUMCS 09 1 
Bazaxdeus Substance Lisc (HSL) Mse / Xtsrg BSDHtn 01,09,20,40,16^ 

d? / B5L HSCBIS / fiassgBnics <XP««lg 01,09,20,40 || 

SOA Bdaaxy Metals / incagaxucs soopMnfa 01,09 

SDfOSMMZ 01,09 • 

Hoa. tttal HeCBis R3a*<« 01,09,20,40,16 

BCSAEP I Msbals tSIXSti 
RSaEP UMBCala EES ICEH -

actOV (annnrtwirpr faHtahlHty •Bcais^*if/z/si 01,09 

BOa Kster Quali:^ Meeals/Xtaasgaiucs BCEBIQ*«KE 01,09 
IiC8AI*«K£* 01,09 
VB**H 01,09,20,40,16 

Priority PaUutanc Xbooganics HP^I • 01,09,20,40 
BeClneiy Total Matals (piaaxdaaa CbRscitURic) 01,09,20,40,16 
OtflaeEy CP X Matals EPIBEEM 40 
RafiaeBy CP XZ Metals EESBEEH 40 
MECES Btxe A Znocganies HEOA**Z 01 

MnB*«Kai 01 
NPCCSEOxtC Metals / ZbOBganics PP«M)^ 01,09,20,40 

TOP Metals Wista OiarBcceBiseie Metals 01,20,16 
TOP Befinety Metals SeaBSBCMK 

IttB Naabar 

. 

Caamcaa Far Sample RccelTiac: 

# S -Single, Q -Oud tea oi aacrix only 

Figure 2 - Inorganic and Metal Analyses 



SOP No. LP-RMA-0004 
Page: 20 of 29 
Date: 12/9/87 
Revision: Original 

JOB CODES PC 1 Last JUrtsian: 4/2/S7 Umta: 6/8/S7 

SDWA DrtaUac Watar Paramatan JXODE ID 1 Matrtcaa i A B C D E 

Rtecy SSHKP*>C 01,09 1 
Many Maeals hWAP*ni 01,09 _ 
Maary firsgamca soap**! 01,09 

Maary Pillii iwniviy SDR»P«R 01,09 
Rdaary Otijninrri SDRftPMO 01,09 

SOOS*^ 01,09 

PrioritT Poilattatt 
OnTpljani |SP*^ 01,09,20,40 
Maeals |xpMM 01,09,20,40,16 

II ijanln |SP**X 01,09,20,40 
Orgmina |sp*«0 01,09,20,40,16 

Kaxardoaa Satetaaec Uat 

BSIA^ 01,09,20,40 1 1 
M8CaJiS/3teCQ8xujcs BSLpna 01,09,20,40,16 1 1 
or^wiiri B5LMO 01,09,20,40,16 1 1 

ROSA Gnaadwatar • Moaitoriac Paramatan 
snitatimtY orrlwrt BC8aS*«C 01,09 

<yi oa 

B3AS**Z 
UJL,USf 

01,09 
suitability Radieetflistty BCSBSMR 01,09 

Ai no 

Qiallty Hatala / Xbaegaxiics 
N3Uia"^J 

H3aQ**Kr 
ux,usf 
01,09 

BOtAZ**!# 01,09 

CLP / EPA Bcpart Packacct 

dP C 
Matals / Zbai^ainics cava. 
Onjanics as 0 

• S-61ngle, Q-Qiiad For 01 & 09 Hatrioes only 

Figure 2 - Inorganic and Metal Analyses 



JSH. 

SOP No- LP-RMA-0004 
Page: 21 of 29 
Date: 12/9/87 
Revision: Original 

Last RmstatK 4/2/87 tssjua: 6/8/87 

Wan* dxancteristfcs A Otber Tests J.CODE ID 4 Matrices ( A B C D £ 

WC ntiiiTjrtiiin BCSMCtaC (40 ll 1 
US/ HKals EPI K3M { 1 « - - 1 
UI/ EST BCSD ( H 1 • 
sa oily Hasca Metals EClZ BOW ( ( 1 
TOP Vasea CDaractsnsdc (mark one: M/O/C ) UlL"W/0/C j|01,20-lfi 1 
Iml Besczscsicn Z5RMO || 01,20,16 1 
BOIAHscals BatA««(l (01,09,20,40,16 1 

Rsflatrr Haxnnldea Caastitasats (HQ 
BC ^ BEXaSMC ai,09,20,40,16( 
BCHscals RUU.*«H 01,09,20,40,16|| 
BS 01,09,20,40,1611 1 

Waste Characteristics - Rellaenr 
ZtecgsBucs RSHCMZ t |40 ll 1 
EST Metals £EI REEK ( ( 1 
on OUy Haste Metals EBEE BSK ( ( 1 1 

Appcadlx 1 List 

|AE8MC 01,09,20,40,16 
MaCBls / Itaganics j |APB«na: 01,09,20,40,16 

IRFB**0 01,09,20,40,16 
Appeadix 9 List 

lAP9*eC 01,09,20,40,16(1 
Metals / tootgaxiLes |AP9*sf(I 01,09,20,40,16 
Oi^azucs |AF9**0 01,09,20,40,161 

loabaUace 

llOffiAIAlKS 01,09 
Gitlfins |amoi5 01,09 
Anions lAlOXXS 01,09 

TCLP MASTER,(M40), PRE?S: THESE ARE NO LONGER INCLUDED IN JOB CODES S 

YOU MUST PIECE THE M PREPS TOGETHER WITH DESIRED ANALYSES ; SEE FLOWCHARTS 

^ECEP R?ep / EXTRACTABLE Qcganics Only * M40K1P0 40 
TOP Ptep / VOLATILE Ctganics Only M«OZHE 40 
TOP Ftep / METALS Only mosaai 40 
TOP Ptep / METALS A EXTRACT. ORGS Only IMOICXP 40 • 

Includes Pesticides 

Figure 2 - Inorganic and Metal Analyses 



OSCXKIC CH£MISTHY pc 1 

SOP No- LP-RMA-0004 
Page: 22 of 29 
Date: 12/9/87 
Revision: Original 

iMSt KeristiiHS 4/2/S7 Issued: 6/8/t7 I Job Coda Y K 

IRxQ iigrz IRr'^Breel By; IDsce: / / llSpcL XBSCS Y H 

SGOF Sa^ MCX Tesc M&e 

A 

B 
; c 

D 

E 

dienc D0SC BMA Saopia Mmbers 

Huard Labcb 

GC/LC AaaJyici 
ApproTcd Test 

Matrices A B C D E 

* SOHA Ttihalonectianm THMSDW 01 -
01,20,16,46 

Balogenaced VQA Orgs (ICR ITtECIlCN XOKEI) | 603IZL 20 
01,20,16,46 
20 
A1 IC AA II 

SCHA VblAtiles ICLSCR r-' 1 
AcreUia At Acryhmtrile MSU OIJO 
aienols 604XZ 01,20 
Benxidines 605U OIJO 
Ebtbalata Esters 6Q6IZ 01,20 
Kiteosamines 607XZ 01,20 
Qoganodtlacine FesticUes/FCB's 608 OCP PP oioo 
ees's/fCS'a £08 (TCH rPTPrnrn T,™TT) OCP PPL 20 

OCP PP 01,20 

OCP HSL 01,20 ,16,46 

ccseszL 20 • 
OCP OP 01,20 

Appendix 8 or 9 Otgamrtilnrlne Fest/FCB's OCP AP9 01,20 
01.20.16.46 

• SCKA Qrganodilotine Pesticides 
ibul a 

OCPSOW 01 
* BOO. CnjJiifK lilncina Pesticides OCP RCS 01,20 
PCB's PCB 01,20,45 

Nitn-Aromazia A CyeUe JCetames 609U OIJO 

Polyiuclaar Anxatic Hydrocarbons / 610 | LC PNA 01,20 ,16,46 

HaliOetkers 6UU O/JO 
Qilorineted Hydroearbw SI2LI OIJO 1 
Organopbosphata Pesticides mm OPP 01,20 11 
Appendix 8 or 9 Organaphosehate Pesticides QPP AF9 01,20 1 
Appendix 8 or 9 Hrrhinirips | HPS AF9 | 01,20 || 

mm Mosc HoctLCiable Tesc C - Oiznge Noted 
• Ptefersed Standard Product (Balded 01 & 20 ) 

Figure 3 - Chromotography Analyses 
01 « 20 Bolded - Std-Ptd. OL 



ORCANIC CHEMISTRY pg 1 

SOP No. LP-RHA-0004 
Page: 23 of 29 
Date: 12/9/87 
Revision: Original 

Last Rertsion: 4/2/87 Issued: 6/8/87 

GC/LC Aeeirsoa Coat. || Test ID l| Matrices A B C 0 E 

irrp Tfrrtirifij-I j HBBiap ^ oi,20,i6,46 
• SCKR BwrhiciriPs «« HRBSDW II 01 

* Rcaa HBijaicijdes mm HRB RCR 11 01,20 

Trtaxines 619U j OIJO 
HPTC 01,20 1 

FCP 01,20 

S041Z 01,20 

^drocaxbon scan by EXD ocBm 01,20 

Ballln? Point Odstribatticn By GC GC 8PD 01,20 

GC xai 01 

Sodvolatiles by ICD ISD ERA 01,20 

•olatiles by MSO ISD VQA 01,20 11 
Seadmlatiles by PXD GC BA 01,20 

Base lleudaLls by PID GC W 01,20 

Bcids by FED Gcaco 01,20 . 
ic zas 01,20,16,46 1 

j 
1 

>» Other <e< 

TOP Ptep / EXTRACTABLE ORGANICS Only vsso M40 jj 
ICXP Prep / VOLATHXS Ckily ZBE M40 1 

Itta Nambcr Chaagcs 

Comncatt To Sootple Recetriag : 

•• MQSC Modifiable Tesc 
* Fxefetzed Standard Produce (01 £ 20 Bolded) 

Figure 3 - Chramotography Analyses 

C- Change noted 



JOB CODES PC 1 

SOP No. LP-RMA-0004 
Page; 24 of 29 
Date: 12/9/87 
Revision: Original 

Last Rjtnsion: 4/2/S7 Issutd: 6/8/87 

SDWA Oriakisc Water Paranctcn J.COOE 10 t Matrices J A B C D £. 

SDKMH^C 101,09 Ij- - 1 1 -1 
Maory Metals SCHAP^ 01,09 || 1 1 ' 

SOOP**! |01,09 j 1 1 
Kiaaxy BadlodJeodstr/ SCRAP**R 01,09 ij 1 1 1 
^£^3833^^ OiDQZBUCS SCRAP*^ 01,09 - Ij 1 

SDHAS**Mr 01,09 j 1 
Prioritr Pellauati 

ni PP^ ||01,09,20,40 J 

Metals PP*«M |01,09,20,40,16^ 1 

PP**I (01,09.20,40 ( 

ocganics PP^ 01,09,20.40,1611 

Hazardoos Sttbstaace Liat 
BSVt*C 01,09,20,40 (III 

Mattaiyinopganirji BS1A«MX 01,09,20,40,16( 1 1 1 
QC^BD^BS IS1A«Q 01,09,20,40,16( 1 1 1 

RCHA Oroaadwater - Maaitoriat Parameters 
Sultabill^ OOB^leta BCRAS^C 01,09 1 
Suitability BCSAS*^ 01,09 j 
arit-Mhtnty Biocganics RCSAS**i 01,09 

suitability Radioebeniscry BCBASMR 01,09 

Suitability Ocganics 
l£e*^1e / TOwwmmeeaa 

Baas**o 01,09 
01.09 "A^b 

BC3tAI**I« 01,09 

CLP / EPA Report Paekaces 
Or^iipla^'a dP c 1 1 
Metals / Xnacganics OF MI 1 1 
Otgatilfs OP 0 1 

* S-Siixjle. (HJuad For 01 ( 09 Matrices Only 

Figure 3 - Chromotography Analyses 



•ag 7. 

SOP No. LP-RMA-0004 
Page: 25 of 29 
Date: 12/9/87 
Revision: Original 

ton Rerijion: 4/2/87 luued: 6/8/87 

Wute Cliaracteriitlcs 8t Other Tests ^ J.CODEID i| Matrices { A B C 0 £ 

BaOHCiOI ||40 1 
EPI/ Mstals EPl BOM || 1 
PSX/ Oarganics EPX scao H 1 
SO Oily Naste Hetals so RG« !| 1 

CnC»«MA3/C 01,20,16 

rawrt HesoacsioB RiLe 1 tlSR^O 01,20,16 

BOQlHecals j |RCI««H 01,Q9,20,40,16|| 

Refinery Kunraoos Canstltnenu (HC) 
01,09,20,40,16 

mz Metals | 01,09,20,40,16 

BC Ocganics t 01,09,20,40,16 

Waste Characteristics - Refinery / 
Tm REIW>«I 40 1 
EEZHstals ERE REHl 

ESIZ Oily Hhsce Metals EPIZ RSSK 1 . 
Appends 8 LUt 

AE8**C 01,09,20,40,1611 
Metals / Itoorgamcs 01,09,20,40,16) 
OgRmirs AP8*-0 01,09,20,40,161 

Appendix 9 List 
AE9«C 01,09,20,40,16 1 

ifcihjii g / toacgaolcs AP9*«KI 01,09,20,40,16 

Otgmins AE9**0 01,09,20,40,16 i 
loahalanee 

Ooqileta IQNBAIARCE 01,09 1 

caticns cmos 01,09 j 

Anions MOOS 01,09 j 

TCLP MAST£S^40), ?RE7S : THESE ARE NO LONGER INCLUDED IN JOB CODES S 

YOU MUST PIECE THE M PREPS TOGETHER WITH DESIRED ANALYSES ; SEE FLOWCHARTS 

^RXP Prep / EXTRACTABLE Organics only ' M40ICE20 40 

TOP ftep / VOLATILE Qcganics Only M402BE 40 

ras Prep / METALS Only moimM 40 

TCIP Prep / METALS & EXTRACT. ORGS Only K4oaap 40 

IncluJes Pesticides 

Figure 3 - Chromatography Analyses. 



SOP No. LP-RMA-00Q4 
Page: 26 of 29 
Date: 12/9/87 
Revision: Original 

OECtKZC CSOSm p? 1 T«wvr>; 01/07/S7 I^visad: 03/03/87 |Job cexia : Y K 

Piuj< JPEOJ M;r: lErepatBd B/: \C8eBi / / |S(A Ztse: Y M 

CaCOF SofO. KDC Tesc MDC 

A 

® nzzz 
c 
D 

E 

Client BKA Sanple Kunters 

Bazaxd IzJbei: 

OC / M5 JUOIXSES 
Tese 

ID 
aggowBd l\esc 

A B C D 

Kdecity PaU'Jcanc Volatiles VQA 624 01,20,40 16,46 
Bdflcity PoUulaxxc SenrvoLsciles BHA 62S 01,20,40 16,46 

Kinrlty PoUucanc Add Orqani ACD 62S 01,20,40 
Pailufcanc Sase/KoiDal Cccjanics Ed 625 

I VOA H5L 
01,20,40 

• Bazardaus Substazxs List Volatiles 01,20,40 16,46 
* nararrinw Substanse List Semivolatili EHAB5L 01,20,40 16,46 
Bazazdous Substanse List Add Qtganics ACQ B5L 01,20,40 
Bbzazdsus Substanse List Sas^/KeutBal Ocg Bl B5L 01,20,40 
QP/EBt» Volsfcxles (TID's bsludod) VQA CXP 01,20 
dp/BSL SenivaLadles CCD's mslizled) BHACI? 01,20 
MECES Volatile Ocganics VDA 624 01 
MPCES ^ BMA 625 01 
A{pendUx S or 9 Vblatiles \OA A£9 01,20,40, 16,46 
Appendix 8 or 9 Semivolatiles ENA AB9 01,20,40, 16,46 
Appendix 8 or 9 Cblcdnated Dmdns & EVsans DXH AB9 Div. 22 
Appendix 8 TXD Volatiles VCBOESB 01,20,40, 16,46 
Appendix 8 TID SeBrvolatiles GHKEXC8 01,20,40, 16,46 
tCCP Haste Ctiarasserastic VaLatiles V3A3CCF 01,20,40, 16,46 
nxP / Haste ftwrwr-MwHgt-'if soaivoLatiles BtOOOP 01,20,40, 16,46 
TCXP / land Besoiction Volatiles VQA ISR 01,20,40, 16,46 

TOP / land Bestrictica Seaivolatiles BMA £ER 01,20,40, 16,46 
Befinecy Hnrwrrtmis Osnstltuents Volatiles VQA BS* 01,20,40, 16,46 
BefineEy Bazazdbus csnstitsxnts BMA SNA RET 01,20,40, 16,46 
Folyiuslear Azoaatis Hydrosazbons BM IHA 01,20,40, 16,46 
Balyiuslear Azonatic Bydtosaxjbans SIM ENSIEMA 01,20,40, 16,46 

tentative identi£icatian Volatilt VOATID 01,20,40, 16,46 
Tentative Identification Semivolatiles EWATID 01,20,40, 16,46 

rr| Volatiles VCACMR 01,20,40, 16,46 
Qiazacterizatian Saaivclatiles 8KAC8R 01,20,40, 16,46 
C - Change Msted 

* Prefezzed Standard Ptatox (01 & 20 Bolded) Bslded 01 6 20 - Std. Pzd. 

Figure 4 - Mass Spectrometry Analyses 



SOP No. LP-RMA-0G04 
Page: 27 of 29 
Date: 12/9/87 
Revision: Original 

GRSNZC P? 2 Issuad: 0V07/87 Sevisadi 03/03/87 

Ibse 113 a i| A B C 0 E 

Oizecc Aqueous fi^ecncn VnlacHes VGA QAI ll i 
j wtk oxz j (a r' 
i ( ( ' 

>» OlSER «< 1 
vas Vsep tea: Osgazacs Only J TCIZO H40 g 

2BE K40 \ 

1CCP Vsea toe Ccganica s Mecals TCtP H40 i 

ICea MUBbK Oiaxigea 

lb Sanfile Beoeiving : 

Figure 4 - Mass Spectrometry Analyses 



SOP No. LP-RMA-0004 
Page: 28 of 29 
Date: 12/9/87 
Revision: Original 

JQB.QXES pg 1. 03/03/87 Bevised: 02/03/87 

SOHR Oanksag (bter taiauBuua J«000£ ID Matrices H A B C 0 E 

ItoHory ^ Ji" saap*«c 01,09 H 

Bdsary Hstals snop*^ 01,09 H 

Maary Xnoegamcs SCWKP**! « 
Maary B?if1ii»-lMiidsay soap«R 01.09 |l 

Fi Inviry Ocgaxiics SDHRP*^ 01,09 j 
SQtas*na 01,09 1 

EP*-C 01,09,20,40 ? 

Hatals 01,09,20,40 

Xlsaeganics EP**Z |01,09,20,40 

Orryinirs EPMO ||01,09,20,40 

Substaxiae List 
01,09,20,40 
01,09,20,40 

01,09,20,40 

CIP / EER. Beport 
n iii^il OP C 1 1 Macals / Tmiiijjuii,^ OP HZ i 1 
Qcganica CZP 0 1 1 

BCBA GcoiBidHater - Manitoclng FBraaeceas 
Suitability nmpleta Ba«S*«C ||01,09 || 
suitability HecaUs BCSAS*«M |01,09 { 
suitability TI, n i Baas**z 101,09 
ftritaihuity iMi»4«nvr3y BGEtKSMR loi,09 
sultabili^ Ccganics aCRAS^O ||oi,09 

Quality Matals / teagganirs aCSAQ**KZ (01,09 
XIBECIQXS^CS BOtUMit |oi,09 

1 1 
I 

HC Zhoeganics ncB»HC4az 40 
say Hatals EPZ BC3« • 

EPE JOO 

cn oily Vfaste Metals EPU BOH 

f S-^lngle, 0-Quad For 01 & 09 KsQrioes Only 

Figure 4 - Mass Spectrometry Analyses 



JOB CCEBi pg 2. 

SOP No- LP-RMA-0004 
Page: 29 of 29 
Date: 12/9/87 
Revision: Original 

03/03/87 Betrised: 02/D:/O7 

J.CCOE ID ( A B C 0 E 

tC mrnlers | 01.09,20,40 || 1 1 
aSHexals j {01.09,20,40 { 1 • 

1 
1 
i 1 

Tii'ngjmrs 1 BEZHC**! II 40 J 
CTIKptwls 1 EPZ BEIM 1 
EE3X OUy ftosba Hstals | QXZ BESf { 1 

Appendix 8 Use 
01,09,20,40 1 

Metals / InuMjnium | |AEB««M£ 01,09,20,40 

acganics | |AP8*^ 01,09,20,40 { 

Appendix 9 Use 
|AE9*«C ( |01,09,20,40 1 1 1 

Heeals / IMocganics | |AI>9*<MI I |01,09,20,40 1 1 1 
Otganics | |AE9*^ j |oi,09,20,40 1 1 1 

XoriSBXfinos 
OEBpIeea 1 IIOOAZAIKS 1 |01,09 ( 

IcmaB 1 |oi,09 1 
Mans j IAIOKHS f |oi,09 1 

TOP - BeCinety 
Qsplece yTBPCTf i 

Metals TCQBOK 1 

TOSEBHOl 1 
VolatUes TcmuvuA 1 

TOP - Waste OiasBcceelseacs 6/13/86 Fedexal Bagisery 
(Federal tegiseer) nmplerfl TOSC 
Hacals Tcxa 
Seadvalatiles lOPENA 
Hedaieides mXBERB 
Pesticides TCUSBST 

TOP ~ Land fiestrlcticn ade 

Qsplete ITCXPIZSC || t 1 
ICXP Otter 

601 Use I |TCIP601 { 

602 Use 1 |TCXP602 

aa by 610 1 itOFRn 
otter 

RSMfetals BCRA*«H 01,09,20,40 

Figure 4 - Mass Spectrometry Analyses 



STANDARD 
OPERATING 
PROCEDURE 

Subject or Title: Paqe 1 of 3 
SAMPLE RECEIPT AND CHAIN OF CUSTODY 

SOP No.: Revision No.: Effective Date: 
LP-RMA-0005 3.0 1/04/93 

Supersedes: 2.0 

ENSECO PROPRIETARY INFORMATION STATEMENT 

This document has been prepared by and remains the sole property of ENSECO, a 
division of Corning Lab Services, INC. It is submitted to a client or government 
agency solely for its use in evaluating Enseco's qualifications in connection 
with the particular project, certification or approval for which it was prepared, 
and is to be held proprietary to Enseco. 

The user agrees by its acceptance or use of this document to return it upon 
Enseco's request, and not to reproduce, copy, lend or otherwise disclose or 
dispose of the contents, directly or indirectly, and not to use it for any 
purpose other than that for which it was specifically furnished. The user also 
agrees that where consultants or others outside of the user's organization are 
involved in the evaluation process, access to these documents shall not be given 
to those parties, unless those parties also specifically agree to these 
conditions. 

1. Purpose: 

To document receipt of all samples to the laboratory. To notify lab personnel 
of all incoming samples. To notify lab personnel of arriving samples that contain 
short holding parameters. To record the transfer of samples from the client to 
the lab. 



STANDARD 
OPERATING 
PROCEDURE 

Page 2 of 3 

SOP No.: Revision No.: Effective Date: 
LP-RMA-0005 3.0 1/04/9.3 

2. Policies: 

Always assign a project number to every group of samples that arrive at the 
lab regardless of whether work is begun on them or not. 

Project numbers are assigned in numerical order, by the LIMS system. 

3. Safety: 

Proper personal protective equipment must be worn, including lab coats, 
safety glasses and gloves. 

All newly received sample coolers must be opened in an exhaust ventilation 
hood, and inspected for leaking samples to prevent potential exposure to 
suspected or unknown hazardous substances that may have vaporized during cooler 
transport. 

If, after initjal inspection and during the course of unpacking the samples 
from the coolers, a situation arises where leaking occurs or any samples begin to 
offgas or are suspected of offgassing, the sample container and cooler must be 
returned to the sample receiving hood. 

If there are any questions, consult the Enseco Health and Safety Manual or 
the Health and Safety officer. 

4. Procedure: 

a. As samples arrive they are given a unique project number for each group 
of samples from one client. 

b. For samples arriving by a courier, check that the custody seals are 
intact. If broken, note this on the sample checklist. (Figure 1} 

c. Sign and date the Chain of Custody (Figure 2). For samples hand 
delivered, have the client sign and relinquish the chain of custody. 
Always retain the top copy with the samples and only give a bottom copy 
to the client. 

d. Open the coolers in a hood, unpack the samples and check the 
information written on the chain of custody against what was received. 
Compare the bottles with the Bottle Chain of Custody (Figure 3) and all 
paperwork received. Check for the correct test, sample matrix and 
properly preserved bottles for each test requested. Document any 
discrepancies. Note any discrepancies such as missing samples, broken 
bottles, pH or cooler temperatures greater than 4®C on the chain of 
custody form and/or the sample check list. Notify the project 
administrator of discrepancies so that the client may be contacted in a 
timely manner. 



STANDARD 
OPERATING 
PROCEDURE 

Page 3 of 3 

SOP No.: Revision No.: Effective Date: 
LP-RMA-0005 3.0 1/04/93 

e. Fill out the Sample checklist while unpacking the samples. Be certain 
to fill out both sides of the checklist. Check all sections. 

f. Label all the samples (usually by sampling sites) with a project number 
and unique sample number (l,2,3,etc.). Record these numbers on the 
chain of custody next to the client identifications. Have a peer 
double check that the labelling was done correctly and referenced 
properly on the chain of custody. 

g. Check the pH of all aqueous non-volatile samples which require pH 
adjustment for preservation and record on the sample checklist. Use pH 
strips with a range from 0-14. DO NOT DIP THE STRIPS DIRECTLY INTO THE 
SAMPLE. Use a disposible micro pipet to extract a small amount of 
sample and saturate the reactive portion of the pH strip. Compare the 
pH to the pH indicator colors on the box. Notify the project 
administrator so that the client may be contacted in a timely manner of 
any discrepancies (Figure 4). 

h. Look for any inorganic short holding parameters and sign in these 
samples on the inorganic short holding notification sheet (Figure 5). 

i. Take a picture of the samples. Label a manila file folder with the 
project number. Place the picture, sample checklist, chain of custody, 
Level 3 checklist (Figure 6), Bottle Chain of Custody (Figure 3) and 
any paperwork received in the folder. 

j. Bottles needed to analyze the short holding parameters are hand 
delivered to the laboratory. Have an analyst sign the short hold 
record to document receipt of samples. 

k. Place the samples in boxes and store in the walk in cooler on the 
appropriate team shelves pending log in. 

1. After log-in, deliver the file folder to the appropriate project 
administrator. 

m. If samples or coolers are labeled with "Quarantine Sample" stickers or 
other USDA labels, consult the Quarantine Sample SOP for proper 
handling and storage procedures. 

5. Responsibilities: 

Sample receiving personnel are responsible for signing the chain of custody 
upon receipt of samples, for knowing the location of the samples except when used 
by an analyst, and for signing out maximum security samples. Sample receiving 
personnel are responsible for noting the short holding parameters only when 
indicated on the paperwork from the client. Project Administrators must notify 
sample receiving personnel if others are to be included. Sample receiving 
personnel are responsible for contacting the project administrator regarding any 
discrepancies so that the client may be notified in a timely manner. 

6. Comments: 

For maximum security of samples (beyond the storage in the secured facility) 
an internal chain of custody is provided. Analysts must sign for the samples in a 
book and sign them in on return. The samples are stored in one of the locked 
refrigerators. 



RMAL Industrial Sample Checklist Revision 3.0 February 27, 1992 

Project §: Date/Time Received:^ 

Company Name & Sampling Site: 

•Cooler #(s): * Place copy of airbill 
inside all non-RMAL 

Temperatures: coolers. Describe here. 

UNPACKING & LABELING CHECK POINTS: JL JL INITIALS 

1. Radiation Checked; (record reading if > IS mr): 

2. Cooler seals Intact: 

3. Chain of Custody Present: 

4. Bottles broken or leaking (comment if Y): 
-photograph broken bottles-

5. Containers labeled (comment if N): 

6. pH of samples taken: * "1 .j ; 
-any discrepancies between pH and bottle 
type? (list below) 

7. Chain of Custody signed with date, time & lab: 

8. CoC agrees with bottle count (comment if N): 

9. CoC agrees with labels (comment if N): 

10. VGA samples filled completely.(comment if N): 
" t 

11. VGA samples preserved: 

12. Sediment present in "0" bottles: 

13. Short holding times: 

14. Matrix QC verified: 

15. Multi phase samples present (comment if Y): 
-photograph multiphase samples-

16. Clear picture taken & labeled: 

Comments: include action taken to resolve discrepancies/problems. Include a 
hard copy of VAX mail or extra paper if more space is needed. 

Sign and Oate:_ 



RHAL Industrial Login Review 

Project #; 

Set-up By: 

Logged By: 

£ / 
Revision 3,0 February 27, 1992 

Dup'd from project #: 

Dup'd Group Codes: 

Date: 

SAMPLE CONTROL REVIEW 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Chain of Custody filled out correctly: 

Short holding time worksheet correct: 

Sample bottle/type correct: 

Overflow sample storage in special instructions: 

All login paperwork included and correct: 
Sample list, group code report & acceptance letter 

Trip blanks, equipment blanks, and field blanks 
have correct aliquot designation: 

Sample disc., request list, and 
acceptance letter in folder: 

INITIALS 

Comments: Include action taken to resolve discrepancies. Include 
hardcopy of VAX mail, or extra paper, if more space is needed. Sign 
and date. 

•PROJECT ADMINISTRATOR REVIEW: N INITIALS DATE 

Report input sheet: 
Invoice information: 
All discrepancies resolved: 
Sample and test matrices correct: 
Sub paper work correct: 
Clear picture of sub samples in folder 
Special Instructions in LIMS: 
Modified component lists checked: 
Project due, TAT, received & collected 

dates OK: 
Log released: 



CHAIN OF CUSTODY 

CO 
A Cortti..5 Company 

Rocky Mounloln Analylical loborolory 
49SS Yaiiow Slrool • 
Arvodo. CO B0002 
303/421-6611 FAX: 303/431-7171 

PACKED BY SEALNUMDCn 

rnojtci 

1 

BCALINIACT UPON IIECEIPT BY BAMPUNO COMPANY CONDIIIONaFCONUNia 

BAMPLWIO COMPANY BCALED roil BHlPmNO BY INItlAL CONtCNIB TCMP. 

•c 
SAMPLINO SHE SEAL NUMBER SAMPUNO BTA1UB 

D Dona O ConlinuIng Unlll 

UAMltAOCR SEAL INrACT UPON HECCIPr BY LAB CONIENtS lEMPERAfUllE LPON RLCEIPr BY LAB 

• Yo» • No "C 

DATE TIME SAMPLE ID/DESCRIPTION SAMPI LE TYPE 0 CONTAINED ANALYSIS PARAMETERS REMARKS 

, 

1 

• H 

• 

1 

• •.! 

' A h 

• 

C lUSTODY TRANSFERS PRIOR TO SHIPPING SHIPPING DETAILS 

RELINQUISHED BY (SIGNED) RECEIVED BY (SIGNED) DATE TIME 
DELIVERED TO SHIPPER BY 

1 

METHOD OP SHIPMENT AIRBILL NUMBER 

RECEIVED rOR LAB BIGNEb OAtCniMC 

• 
EN8ECO PROJECT NUMDEI\ ' 

While - CLIENT Pink - LAB 



A Coming Company 

Rocky Mounuin Analytical Laboratorj-
4^YanowStre« ^ 
Aivada. CO 80002 Hfcv-Zfc ^ 
303/421-6611 FAX 303/431-7171 

BOTTLE ORDER 
CHAIN OF CUSTODY 
ENS—>002 

L CUENT 10 CJENTPO. NUMBSH INVOICE NUMBER 

SHIP TO PICK-UP ON (OATSi TIME • AM 
• PM 

OEUVEREO BY (OATEi 

SHIP BY 

UPS CHARGES FED EX CHARGES CUENT FSO EX ACCOUNT NUMBER 

COOLERS BILLED TO (SPECIFY CUENT 10) 

ni (3A LLONS c •-ARBDNI FBBC rtAi: Mil 1 i.n CSAI I nws LLONS c 
NUMSEH OF 

BOTTLES 
STANDARD 

WATER 
PARAMETERS NUMBER OF 

BOTTLES BULK WATER PARAMETERS 

1. Sox. poly (WM| 
Alkalinity. 300. CkonOA Color. Res. Chionnc. oH. 
Chremniffl (Vl). Condueance. Rounee. Nitrite. M3AS. 
OrtnpPnos. Soiia. Sultile. SullitA TuiMdy 

20.» giilan giess Bulk water tnalysa 

Z Woi^gto(SR) AmmoniA COO. .NmiA TKN, TON. Nnnls i Nilnte: 
Total Pnos^TOCPlienolies 21.1 gsllon glau 

. TPH.Od&Grease SOLIDS . 

4.16otpoly(WM) 
20SHN03 Metals. Haioncss 3ai6cx.gliss(WM) Oigano. TPK MeiMA HAa Oil 8 Grease 

&2-9az.iM/y<SR| 
JRiHNtS 

Gross Aiens. Gross Bets. Uramufn. Rsdmm 225. 
fla(Sum22a 31.8 ox. glass (WM) Wet Oiem not fisted tor *30 

& Sot poly (WM) 
SMNIOH Totil snd/br Free Cyanide | 32. a ox. glass (IWM) VOA 

7.8ox.poly(WM| 
ZflAe&IUOH Sulfide TCLP 

a.«oi.^ 
tunlize 

FeealerTeislColiierm 
(use 2 bodies il bom required) 

3132ax.gla»(WM) 
4AAg<sa(WM) 

AO otner anilyta 
VOA 

ia3-<0nuglixs 
•/septa. Ni2S:a THM "OTHER 

- IQA. Tnp Blank • 
• 

11.3-t8 iiu glass 
wsepia. MCL 
•/Put Ha 

VOAPuigesbleOtgancs , 

11A Tnp Blank 

11 ̂ S PL glass (BR) 
ItBLUSlCEREOUlREO , , _ 

BseNeutral/AeklCdinpaunds | • YES • NO 

ll2-3Z0E.giass(Bfl) 
SPECIAL REauiREM9<TS 

PesbedeAPCas 

14.32 ox. glass (BR) KcrQiOOU 

l& SkigM. I ox. amoer glass (BR) 
Ouac 32 OL ameer glass (BR) 
S0SH2S04 

TOX-SngiA 

'•Ouic 
• 

SAMPLE SA^ECOOIEH NUMBERS 

REOUeST BY DATE TIME Q i
 

•
 

REUNQUISHEO BY SIGNATURE RECEIVED BY SIGNATURE DATE TIME 

-



ENSECO 

pH GUIDELINE FOR SAMPLE RECEIPT 

BOTTLE TYPE # EXPECTED pH 

1 neutral 5-7 

2 <2 

3 * <2 

4 <2 

5 <2 

6 >12 

7 >9 

8 neutral 5-7 

10 Check done at 
analysis 

10a Check done at 
analysis 

11 Check done at 
analysis 

11a Check done at 
analysis 

12 Neutral 5-7 

13 Neutral 5-7 

14 Neutral 5-7 

15 <2 



SHORT HOLD SHEET 
ftlmf-t S 

fJL PROJECT NUMBER WCrCHEM: 

~ w SON FOR BV 

eOOUSCIED OATERECEWa IRAWOATA 0A1E TBiE 

ICHYES 
sPEOfLieiRucnoNS SAMPLE NUMBER REQUIRED ANALYSIS 

HOLDING TTUE ANALYSIS UETHOD 
Na CHECK CHECK CHECK 

S 
a:® 

ss 

DISSOLVED 0XYGEN<02) 360.1 

SULRTE(S03*2) 377.1 

SINGLE DDUP. DQUAD. 0040 

s 

M 

coNDucnvmr 
• SINGLE GDUP. GQUAD. 120.1 

ALKWJNITY 310.1 

CHLORINE RESIDUAL 330.1 

CHROMIUM HEX {^f^) 218.4 

COUPORM, FECAL 909C 

COUFORM. TOTAL 9132 

140.1 

BIO. O2 DEMAND (BOD) 405.1 
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LEVEL 3 CHECKLIST 
(To be completed at level 3 review prior to reporting projects.) 

CLIENT: PROJECT #: 

1. Is the chain of custody complete and properly signed? 
(CHECK: client IDs, date/time collected, date/time 
received, sample matrix.) 

2a. Have all requested parameters been reported for each 
sample, including sub-out work and raw data? 
(CHECK: tests requested and methods referenced.) 

b. Have all miscellaneous items been checked? 
(CHECK: dry weight vs. wet weight, units, "J" values, 
"B" flags, reporting limits/dilutions, field parameters 
reported.) 

c. Hill reanalysis data be reported with original data (if 
requested)? 

3. Are the following forms/checklists available and complete?: 
-industrial report writing checklists 
-anomaly forms 
-out-of-control forms 
-holding time violation forms 

4. Are ALL changes effecting project/program specifications 
documented .and present in the project folder? (This 
includes phone logs pertinent to the project specifications 
and project anomalies, all change orders, HT violations, and 
changes in TAT.) 

5. Is the report consistent with the specifications in the 
Program Assessment Checklist (PAC)? (This includes format, 
DQOs, etc.) 

6. Are the project data consistent with related measurements 
and parameters, including sub-out work? (Does the data 
make sense from an historical or site specific perspective?) 

7a. Have all non-anal^ical items and invoice text items been 
added to the invoice? 

b. If the primary deliverable was late, or holding time 
violations occurred, have penalties been assessed and 
has the invoice been adjusted (if applicable)? 

Comments: 

PA Initials: Date: 

YES NO 
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control. Laooratory precisian and accuracy data should be suoaitted to the 
Agency as a part of the quality assurance plan descrioea in Section 9. 

Error can oe introduced at each stage of fflonitoring, including installation 
of monitoring devices, saaol ing from monitoring points, and analysis. It is the 
responsioility of all who are involved to keep this error to a minimum. 
Providing accurate and meaningful data the first time is to everyone's oenefit. 

Monitoring is not an end in itself. Rather it should be thought of as-a tool 
used to measure a site design's efficiency at controlling water pollution. 
Continued monitoring is required after corrective measures have been taken to 
verify that water quality improves over time. 



SECTION 2 
a 

MONITORING WELLS 

Monitaring Wen Constmcfion 

Construction of all water wells* including monitoring wells. Is under the 
jurisdiction of the Minnesota Department of Health (HOH). The wells must oe 
installed oy either a licensed well driller or an engineer registered with the 
HOH to install monitoring wells. All applicable construction standards included 
in the Minnesota Water Well 
Construction Code must oe met. 
The current standards are found 
in 7 MCAR SS 1.210-1.224,* 
copies of which are availaole for 
a fee oy writing: 

Minnesota Department of 
Administration 

Documents Section 
117 University Avenue 
St. Paul, Minnesota 55155 

The construction code is 
currently being amended to 
include separate specific 
requirements for ground water 
monitoring well construction. 
Figure 1 shows a well which 
meets current (March 1985) 
constructi on requi rements. 

Details of monitoring well 
construction will be 
determined by site-specific 
factors such as required depth 
of monitoring wells, waste 
types, and expected aquifer 
yield. For that reason, a 
detailed monitoring system 
plan showing geologic 
stratigraphy, well locations 
(both horizontally and 
vertically) and well 
construction details must be 

Figure 1. Monitoring Well Construction 

•Subject to recodification in 1985, the Minnesota Water Well Construction 
Code will oe found in Minnesota Rules Chanter 4725 (19851. 



suorairtaa to tne Agency for aoproval prior to installation. Aoorovai must also 
oe ootainea frcai the MOH oefore installation of wells wnich penetrate one or 
more confining beds. See "Guidelines for Ground Water Monitonng System Design" 
(MPCA, 1985) for a more detailed discussion of monitaring nerworic aesign. 

Some soecific reouirements follow. 

Well laoeling; 

Eac.'j well should be permanently laoeled with its assigned monitoring point 
identification. The laoel should be consistent with the identification used in 
site plans and monitoring reports. One way to permanently laoel a well would be 
to inscribe the well identification numoer and the date of installation in the 
concrete slao surrounding the well collar while it is still wet. Alternately, 
the information may oe etched or painted directly on the well collar. 

Well diameters: 

Wells must oe constructed to facilitate sampling. Wells which are installed 
with water levels below the suction limit (approximately 25-30 feet) and which 
are too narrow in diameter to allow for sampling with a conventional submersible 
pump are unacceptable. Consideration should be given to the samoling method to 
be used when planning well construction. For wells less than 25 feet deep, a 
2-inch diameter is sufficient because the wells may be sampled with a 
peristaltic pump. Two-inch wells, 25-125 feet deeo, may be sampled with a 
2-inch submersible pump, but these units are costly. In some instances, it may 
be more cost-effective to install 4-inch wells which can be sampled with less 
expensive, higher capacity submersible pumps. Wells greater than 125 feet deep 
should be at least 4 inches in diameter to allow for sampling with conventional 
submersible pumps. The Minnesota Water Well Construction Code requires a 2-inch 
annul us surrounding the well casing. 

Casing material: 

Well casings must meet MDH requirements, which currently allow only the use of 
PVC or ABS plastic, ferrous materials or stainless steel. A general rule of 
thumb is to choose threaded plastic pipe where metals and physical parameters 
are to be tested, ferrous pipe where organics alone are to be tested, and 
stainless steel where all types of parameters are to be tested. Since the 
casing material can cause interferences with some tests, it may be advisable to 
install 4-inch wells so that higher capacity pumps can be used to reduce casing 
influences on the sampled water quality. When PVC casing is installed, schedule 
80 should be used to meet MOH strength requirements. 

All materials used in well construction should be as clean as possible 
before installation. Washing with tap water is acceptable for general 
applications. More rigorous procedures, such as steam cleaning or hexane and 
distilled water rinses, are necessary when monitoring for very low levels of 
some contaminants. Care should oe taken when using plastic pipe that 
solvent-welding compounds are not used*, and that any cleaning fluids used are 
rinsed off with distilled water prior to installation. At least one screen and 



casing manufacccrsr offers a cleaning service, providing the parts hermetically 
sealed in plastic aags for transport to the drill site-

Well screens and filter paclis: 

Well screen slots should oe sized as large as possiole to allow prooer 
development, wnile preventing sediment from entering the well. Slot size snould 
oe oased on grain-size distrioution and hyorologic characteristics of the 
aquifer oeing monitored. Filter pacits of washed sand or gravel are often 
necessary to produce sediment-free water for testing. Filter pack materials and 
grout should not oe poured in from the surface. The Agency recommends these 
materials oe placed from the oottora of the oorehole using tremie pipes. 
Centering guides should oe used on the screen and casing so the filter packs and 
grout can oe placed uniformly around the well. 

Grouting: 

The annul us around the casing should oe sealed with neat cement grout to 
prevent the flow of contaminated water along the casing. The use of oentonite 
is discouraged because its composition can vary widely, depending upon its 
source, which may subsequently affect the water quality analyses from that 
well. A small amount of oentonite (2S) may be added to the cement, however, to 
minimize shrinkage. 

Well development: 

Monitoring wells must be capable of producing nearly sediment-free water to 
provide meaningful analytical results. Thorough well development is therefore 
essential. The combined use of a jetting tool with air-lift pumping is a 
particularly effective development method. Mechanical surging as with a surge 
block or large bailer can also be used, but is less effective. Over-pumping is 
not recommended, as it may cause bridging of sand particles in the sand pack or 
formation. 

Recent work suggests that wells in tight formations may be more effectively 
developed if the standing water is gently removed as it recharges the well, 
rather than agitating the walls of the annul us with the more aggressive 
development techniques. This benign development technique may take a longer 
period of time to successfully accomplish, but once complete can improve the 
yield of a well which otherwise would only provide marginal yield for sampling. 

Well installation in areas of known or suspected contamination: 

When working in areas of known or suspected contamination, or in any areas 
which may be affected by pollution sources, extreme care must be taken to avoid 
spreading contamination during the drilling operation. On" 11 stems and all 
down-hole equipment should be thoroughly steam-cleaned and, in some instances, 
hexane-rinsed to avoid spreading contaminants to uncontaminated areas of the 
site. Native soil should not be used as backfill. Clean sand should be brought 
in instead. Wells which penetrate a confining bed are required by HOH to be 
constructed with double casings. 



Wen dr-fning methoas: 

Wells may be drilled by a nuraoer of methods, a good discussion of which is 
given in "Manual of Ground-Water Samoling Proceaures" (Scalf, 1981). The use of 
drilling fluios and muos is discourageo because of possible analytical 
interferences and well screen clogging-

Well drilling and construction logs: 

High-quality drilling and laboratory identification logs must be submitted 
for each well or piezometer. These logs should include at least the"following 
information: 

1. Detailed soil or roclc description and classification, measured soil and rocx 
properties, samole collection locations and types of collection methods, ana 
elevations of upper and lower contacts. Classification should be done by a 
qualified geologist or soils soecialist. If the methods of drilling and 
sampling do not permit the soil characteristics and contact elevations to be 
described accurately and in detail, geophysical logs should be provided. 

2. Location referenced to known cont7-ol points, date of completion, and name, 
address, and telennone number of person or company responsible for 
construction of the well. 

3. Depth of well; construction materials utilized, including well casing type 
and size, screen opening size; size fraction of screen packing material used 
for casing and grout; methods used to drill the hole, place the sealed 
intervals, and develop the well; elevations of the land surface, top of 
casing, and measured water levels; elevations of the top and bottom of the 
screen, casing, and each type of backfill or seal; intervals of screen 
packing material; grouted intervals; and geophysical logs, if any. « • 

Stabilization and Recovery Rate Tests 

Once a well is installed and developed, a pumping test of two to three hour 
duration may be conducted to obtain information on the well's yield potential 
and relative transmissivity (a measure of the rate at which water can be 
transmitted) of the aquifer. Recent research by the Illinois State Water Survey 
(Barcelona, 1983) recommends the short pumping test as a data-gathering method 
for determining "the frequency at which samples will be collected and the rate 
and period of time each well should be pumped prior to collecting the sample." 
Figure 2, from that reference, graphically shows the effect that aquifer 
transmissivity has on the amount of pumping needed to obtain a sample containing 
water derived mostly from the aquifer rather than water from storage within the 
casing and annular space. A more detailed discussion of this concept is given 
in Gibb, 1981. 

While these pumping tests are not currently being required by the Agency on 
a routine basis, a stabilization test (or, alternately, a recovery rate test) is 
required for all new wells following development to determine the amount of 
pumping needed prior to sample collection. To conduct a stabilization test, 
pump the well to waste at a rate that yields a constant stream of water without 



dswataring the well. Tnis rata 
should be equivalent to the 
rate at which the well will be 
puraoed during sanoling. If the 
well has slow recharge and goes 
dry with pumoing, a recovery 
rate test should be perforraea 
instead. The pump should be 
set in the upper portion of the 
water column so that all water 
standing in the well is drawn 
out and no stagnant water 
remains above the pump. 

Figure 2. Relationship of 

Aquifer Transraissivity 

and Required Well Evacuation 

(From Barcelona, 19831 
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Specific conductance, pH, and temperature should be measured in the field at 
intervals of one well volume until three successive readings yield equivalent 
values within the following ranges for each of these parameters: 

Specific conductance (temperature-corrected): 
pH: + 0.1 pH unit 
TempeFature: +0.5 ~C 

+ 10 urahos/cm 

Once stabilized, samoles should be collected without delay. In past ver
sions of this manual, the measurements were to be taken at five minute inter
vals. Recent Agency experiences with monitoring wells have led to this change 
in instructions in an effort to avoid over-pumping the sampling wells. A 
closed, flow-through chamber is helpful for taking the measurements. The device 
shown in Figure 3 was fabricated by Dale Thompson of the MPCA for sampling at 
monitoring wells. For additional references on the stabilization test see U.S. 
Geological Survey, 1976; Gibb, 1981; and MPCA, 1983. 

Figure 3. Flow-Through 

Staoilization Charaoer 



The results of the initial staoilization test should he recoroed as 
suggested in Figure 4 and suomittsd to the Agency along with the well log and 
well construction details. If sampling methods change, the staoilization test 
should be repeated using the new equipment. 

In some cases, it may be necessary to install wells in fairly tignt (low 
transmissivity) formations which do not have sufficient yields to allow a stabi
lization test. For such wells, it is permissible to substitute a recovery rate 
test for the stabilization test. A recovery rate test is performed by taking 
initial measurements at the well of water elevation, pH, temoerature and 
conductance; fully and as quickly as possible evacuating the well; measuring the 
water level as it recharges over time; and taking final measurements of water 
elevation, pH, temperature and conductance. 

Figure 5 below provides a handy conversion for determining the volume 
of water in a well for various casing diameters. 

Samples are collected as the well refills, not to exceed two hours after 
evacuation. Fo^-more information on interpreting results from a recovery rate 
test, see the section in Freeze, 1979 on the interpretation of slug test data. 
A suggested format for reporting the results is given in Figure 6. 

Figure 5. Water in Storage 
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WELL NO. 

GROUND WATER SAMPLE COLLECTION RECORD 

Project No.. Dale . TTme: Start. 

Project Name. 
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Figure 5 

RECOVERY RATE TEST 

Water level before evacuation (nearest Q.I ft. oelox top of casing) 
Approximate well location 
Weather conditions 

Initial: pH (units) 
Conductance (umnos/(s*) 
Temperature (-C) 

Recharged: pH (units) 
Conductance (umhos/ca«) 
Temperature (*C) 

Time From Evacuation 
Water Level 

(nr. 0.1 ft.) 
volume 

Calculated Recharue Rate ( time > 

The test is finished when che water level has recovered to its pre-evacuation 
level. 

•Conductance should be temperature-corrected to ZS^C. 
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Monitoring Well fiaintenance 

A damaged or improperly constructed monitoring well can provide a conduitr" 
for contaminants to enter the ground water. In addition, monitoring data is 
most meaningful when it comes from repeated testing of the same well oy the same 
methods under the same conditions. Therefore it is imoortant that wells oe 
maintained in good condition. Wells wnich are allowed to deteriorate and no 
longer provide suitaole samples must oe replaced. 

Surface seals must oe intact to prevent surface water entering the borehole. 
Obstructions in the well should be removed. Any well which cannot be. sampled 
must oe abandoned in accordance with the Minnesota Water Well Construction Code. 
If a well is lost, such as those accidentally buried oy landfill equipment, 
excavations must be made to locate the well, so that it can be reconstructed or 
abandoned. Locking caps are necessary to prevent vandalism. Wells in 
vulnerable locations should be inspected weekly for damage. 

Sample Collection from Monitoring Wells 

Samoles must be carefully and precisely collected. To assure that samples 
are taken correctly, appropriately trained laboratory personnel or consultants 
should collect the samples. 

There is a wide selection of methods for collecting water samples from 
monitoring wells. Each method has advantages and disadvantages. The choice of 
method should be based upon well construction, the amount of water to be removed 
and the parameters of interest. Following is a discussion of several methods. 

II 



Squeeze or Bladder Pumps: 

The major coraoonents of — 
these systems include a 
collapsiole oladder inside a 
long, rigid housing, a 
compressed gas supply and 
appropriate control valves. 
Water enters the oladder 
througn the foot valve when 
the pump is suomerged. Gas 
pressure is applied to the 
annular space oetween the 
rigid housing and the 
memorane, forcing the water 
up. The top check valve keeps 
the sample in the discharge 
line when the pressure is 
released, and more water 
enters the bladder through the 
foot valve. 

SAMPLE CXJ^ 

l>«4''AIRlJNE-

Figure 7. Squeeze or Bladder Pump 

Advantages: 

CHECK VALVE 

rpVC PIPE 

FLEXIBLE 
OiAPHRAM 

CHECK VALVE 

•wide range of pumping rates 
-may be constructed of materials inert to the parameters of interest 
-no gas-water contact; no out-gassing, stripping or loss of volatiles 
-can be used well diameters as small as one inch 
-portable, or may be used as a dedicated installation 
-can be used to sample as deep as 200 feet 

Disadvantages: 

-large gas volumes and long cycles needed for deep operation 
-pumping rate not as great as with submersible or suction pumps 
-control unit is relatively expensive 

Usage Recommendations: 

-acceptable to use in most sampling applications 
-pump should oe set above the screen for evacuation and sampling 
-attention must oe given to adequate cleaning before each use to 
avoid cross-contamination of wells 

12 



Bailers: 

Bailers can range in 
construction from a simple 
length of caoped pipe on a 
rope to Teflon devices with a 
dual check-valve system used 
for sampling at discrete 
points in the water column. 
Wells are samoled oy lowering 
the oailer to a given point in 
the water column and raising 
it, filled, to the surface. 

Figure 8. Tiraco 

Variaole-Capacity 

Discrete Point Sampler 

Advantages: 

RElAtNING 
"PIN 

.BALL 
CHECK 

SAMPLE 
'CHAMBE."! 

RETAINING 
"PIN 

BALL 
CHECX -few, if any, mechanical difficulties encountered in use 

-very portaole; economical to build from easily ootainaole parts 
-construction materials can be chosen for compatibility with 
the parameters of interest 

-can be built to fit small diameter wells 
-low surface-to-volume ratio reduces loss of volatile components 
-can be easily laboratory cleaned and taken into the field sealed to keep 
cl ean 

Disadvantages: 

-requires much manual labor if used for well evacuation 
-difficult to fill sample bottles without aeration of samples unless 

the bailer is equipped with a bottom emptying device 
-the large amount of handling of the bailer needed in sampling can 
lead to increased risk of sample contamination 

Usage Reconrniendations: (from Gibb, 1981} 

-the bailer should be constructed of a noncontaminating material (such as 
stainless steel or Teflon) 

-a pass-through type valve should be used to minimize 
disturbance as the bailer is lowered through the water column 

-the bailer should be lowered to the same depth (the top of the well screen) 
every time to create the same.effect as pumping with a peri static pump 

-bailing shourd be timed to approach a constant pumping rate and 
should continue until the appropriate well volumes are removed prior 
to collecting the sample 

-the rope used to operate the bailer should be of a nylon, polyester, or 
Teflon-coated material and should be held off the ground during the bailing 
process 

-the bailer and down-hole rope should be thoroughly cleaned (at least rinsed 
with distilled water) before use in each well 

13 



SuoraersiUle Puraos: 

A suomersiQle pumo consists of 
a stack of iraDellers, driven 
oy a special motor designed 
for use under water. This type 
of pump is appropriately used 
in wells wit.h large volumes of 
water, wells with large water 
columns and deep wells. 
Submersioles can oe used as 
portaole pumps or permanently 
installed. 

Figure 9. Johnson-Keck 2" Suoraersiole Pump .-L. 

Advantages: 

-high pumping rates allow rapid evacuation and facilitate sampling 
-can oe used effectively at any depth applicaole in Minnesota 
-do not need to oe primed 
-permanently installed units eliminate risks of cross-contamination 
in sampling 

Disadvantages: 

-"portaole" units require use of a truck or four-wheel drive vehicle 
to transport the pump and generator to the sampling site (not true for 
2" suomersioles) 

-agitation of the sample may lead to the loss of volatile components 
(not true for pumps using a non-air-contact lift system) 

-commanly availaole pumps require at least four-inch diameter wells; 
pumps for two-inch wells availaole from only a few suppliers at present 

-sample contact with pumping mechanism may affect water quality 

Usage Recommendations: 

-care should oe taken when using portaole systems to ensure that all parts 
that contact the sample are cleaned oefore sampling each well 

-the pump should oe set aoove the well screen for evacuation and sampling 
-permanent installation should not be made in areas where water 
contaminants will corrode the pump 

U 



Suction Lift Pumps: 

Suction lift pumos are appropriately used where the water to oe samoled i_s less 
than 25 feet deep and volatile components are not a concern. Types of 
suction-lift pumas include powered perstaltic and centrifugal pumos as well as 
hand-operated diapnragm and pitcher pumos. 

Figure 10. Masterflex 

Peristaltic Pump 

Advantages: 

, -many types made for field use 
-portaole 
-relatively inexpensive 
-expedites sampling of small-diameter wells 
-fairly high pumping rates (all Out peristal tics) 
-sample contacts only tubing, not pumping mechanism (peristaltic only) 

Disadvantages: 

-cannot be used below the suction limit (20-30 feet of head) 
-suction and agitation may cause loss of dissolved gases 
-sample contacts pumping mechanism, which may cause changes in the 

parameters of interest (all types but peristaltics) 

Usage Recommendations: 

-pump suction line should be set above the well screen for evacuation and 
sampl ing 

-peristaltic pumps should not be used when low (ppo) levels are to be 
determined 

-do not use where loss of gases and volatile components will affect 
the parameters of interest 

-new, cleaned tubing should be used for each sample 

IS 



Air-Li ft and Mitrcgen-Lift 
Samplers: 

These samolers ooerate Dy 
applying air pressure to a 
well or a sampling chamoer to 
force a water sample out the 
discharge tuoe. This samoling 
technique is capaole of 
withdrawing water from deoths 
of at least 190 feet (Trescott 
and Pinder, 1970). 

Pranura qouqe 

Figure 11. Air-lift Sampler 

Quick air ftosa 
csupiar 

H—ConcratB 

3/8" nan-cailopsinq tubing 

1/4-or I i/Z' plastic 

Advantages: 

-can be permanently installed, or used as a portable sampling device 
-can be manufactured using easily obtainaole parts 

Disadvantages: 

-repressurization releases dissolved CO9 from solution, raising the pH, 
precipitating certain components and volatilizing others 

Usage Recommendations: 

-due to water chemistry changes caused using this samoling method, 
it Is not generally recommended; those devices designed to prevent the air 
or nitrogen f-ora escaping into the water in the well may be used for 
evacuation, with samples being taken afterward with a bailer 

-wnen used as a portable device, care should be taken that all parts 
are clean prior to insertion into the well 
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SECTION 3 

UNSATURATED ZONE MONITORING 

Monitaring in the unsaturated zone may ae pursued ay either detection of 
seepage or ay detennination of the quality of the water seeping through the 
soil. Seepage detection may oe of value only at sites desired for total 
containment systems, where any seepage constitutes a violation of permit 
conditions. Tensioraeters, electrical resistance olocks, neutron logging or 
psychrometers may oe used to detect seepage, triggering corrective actions aimed 
at eliminating any discharge from the site. 

At facilities such-as wastewater spray irrigation sites, the vegetation and 
soil are the treatment system and unsaturated flow comprising infiltration and 
percolation is part of the process. In these cases, samples of the soil 
moisture are collected and analyzed to provide information on the quality of the 
effluent reaching a particular depth in the soil profile. 

Suction-cup lysimeters 
(Figure IZ) are most commonly 
used to collect soil moisture 
samples although other types 
of lysimeters are also 
availaole. These samol ing 
devices can oe used in 
conjunction with monitoring 
wells to better define 
contaminant movement. Samples 
of the soil itself can also oe 
analyzed for contaminants, 
although this is a more 
expensive procedure. In 
addition, geophysical methods 
such as electrical resistivity 
or electrfl-magnetic surveys 
may provide more information 
on changes in the unsaturated zone. 

Pressurv-toeuuin in 

Somple bonte 

Oisenoro* tub* 

Locations for Lysimeters 

Lysimeters should be placed 
in banks of two at each location 
to provide a larger volume of 
sample, to provfde a backup system 
in case of failure of one of the 
units, and to provide a more 
representative samole. Both 
lysimeters in the bank should 
oe installed in the same 
manner at the same deoth. 
They should be placed 
approximately Z feet aoart. 

Plostic pip* 

Tamp*d backfill 

Silica flour 

Roroui caraimc 

Porou* caromic 
Soil porTtdes 

Figure IZ. Suction-Cup Lysimeter 
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One oank of lysmerars should oe installed away from the potential 
contaminant source to provide oackground information. The others should he 
placed directiv unoer the area to he monitored. For oottom-saaled sites, 
lysimeters snould he located in the soil heneath the seal. For land disposal 
ooerations, the lysimeters should he placed in the soil under the waste area. 
Lysimeters should oe placeo below the croo root zone in soray fields. 

Installation of Lvsimeters 

When installing suction-cup lysimeters it is imoortant that certain details 
he given strict attention. These include: 

-Parous ceramic samolers should he flushed with dilute acid and 
defonized water before use to remove contaminants left in the cup 
during manufacture. A vacuum should he applied to the assemoled 
lysimeter and 250 to 500 ml. of O.IN hydrochloric acid, followed by 
500 ml. of deionized water, pulled through the ceramic wall and 
discarded. All parts should he completely rinsed with deionized 
water. 

-Sampling tuoes must he clearly marked with the lysimeter numoer 
as well as their purpose (sampling or vacuum) so that once they are 
installed, no errors will he made as to their designation. 

-Assemoled lysimeters should he soaked in deionized water immediately before 
installation so that all the pores in the ceramic cup are filled with 
water, 

-The installation bore hole should he at least 2 inches wider than 
the lysimeter. 

-It is essential that good contact he provided between the ceramic cup 
and the surrounding soil. This is best ensured by pouring enough 
fine silica flour slurry into the borehole to completely surround the cup, 
then pressing the cup firmly into the slurry. 

-The bore hole should he slowly refilled with continuous tamping to 
eliminate any large voids. A plug of hentonite will aid in sealing 
off the lysimeter from direct surface infiltration. 

-Surface soil should he mounded around the exposed sampling tubes, 
and a protective cover (such as a lockable metal box) placed over 
them. 

-In most applications, lysimeters should not he placed within one 
foot of the seasonal high water table. 

Samole Collection From Lvsimeters 

When sampling from lysimeters it is important not to apply high vacuum levels to 
the sampler. Some recommendations for sampling include: 
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-Vacuum application should he sufficient to collect enougn samole for 
analysis. This will have to he determined on a trial-and-error oasis, 
depending on moisture conditions, soil type, etc. A recommended starting 
period is one day in coarse textured soils and two days in medium to fine 
soils. 

-Vacuum should he the lowest value that will allow samole collection, 
generally hetween 0.3 and 0.8 atmospheres (4.4 to 11.8 pounds per square 
inch); 0.8 atmospheric pressure usually worlcs hest for lysimeters installed 
with silica flour around the ceramic cup. 

-The applied air pressure for sample expulsion should also be as low as 
passible, to avoid pushing most of the sample bach out of the cup into the 
soil. 

Lysimeter Maintenance 

To facilitate collection of representative samples and maintenance of these 
devices, all lysimeters should have vacuums placed on them at a minimum of once 
a month with samples either wasted or analyzed according to monitoring 
requirraents. Sample tubes should be clearly labeled at all times to eliminate 
confusion. Lysimeters should not-be left under vacuum in extremely cold weather 
to prevent damage from freezing. 
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SECTION 4 

SURFACE WATER HONrTORING 

Identif'/ina Surfaca Watar Mom" tori no Points 

Surface water is monitored in instances where contaminated ground water may 
potentially discharge into surface water. If the surface water affected is a 
river or stream, monitoring should take place upstream and downstream from the 
waste facility and at the point of discharge. Standing twdies of water should he 
monitored at the apparent point of discharge and at apparently unaffected points 
as well. A stake or permanent marker should he placed on the hank to mark 
routine monitoring locations. Care should he exercised in selecting sampling 
paints so that alf possible impacts on the stream or lake are noted. For 
example, downstream samples for a landfill should not extend past an outfall for 
another discharger or amoiguous data may he generated. 

A surface water monitoring plan should also he submitted to the Agency for 
approval prior to initiating sampling. The Agency will review the plan for 
completeness and appropriateness of parameters and sampling frequency. 

Samollno Surfaca Waters 

When samples are collected from a river or stream, water quality may vary 
with depth, stream flow, distance from shore and f7*om one shore to the other. 
It is hest to take an integrated sample from top to bottom in the middle of the 
stream. VanOorn or Kemmerer samplers can he used for this purpose. 
Instructions on their use are included in Appendix B. 

When sampling shallow water (less than 3 feet deep), it is best to take a 
grab sample in the middle of the stream at mid-depth, holding the sample 
container under the surface until filled. The mouth of the container sho.uld 
face into the flow. 

Sampling extremely shallow water, such as leachate seeps, can be very 
difficult. Care must he taken not to disturb the bottom sediments when 
sampling. If the site is a routine monitoring point, a small depression should 
be made to allow more water to collect for sampling. A carefully-held 
peristaltic pump sampling tube can then he used to collect the sample. 

In shallow streams the sampling should start at the furthest downstream 
point and move upstream so that any disturoances caused by sampling do not affect 
the quality of the water sampled. In deeper waters such as rivers, sampling is 
usually done from boats or bridges, so the disturbance is minimal. For such 
cases, samoling should begin first at the upstream point, next to the downstream 
point, and finally to the sample point closest to.the apparent source of 
discharge. In that way, the chance of contaminants clinging to the sampler is 
reduced. 
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SECTION 5 

SAMPLING FROM WATER SUPPLY WELLS 

When samoles are required to tje drawn from weils used as drinking or 
industrial water supplies, the following procedure should be followeo: 

-Samples should be taken from the point closest to the well, 
before the water is softened, filtered or heated. 

-If possible, samples should be taken before the water*enters the 
pressure tank. If that is not possible, let the water run to 
waste long enough to empty the tank and the water in storage 
in the pipes. 

-Obtain well logs, or where not available, find out from the well 
owner construction details of the well, including completed depth, 
static water level and well diameter. This will allow the amount 
of water in storage in the casing to be determined. If the well 
is in current use, evacuation of one well volume (and the pressure 
tank) should be sufficient to obtain a sample of fresh a^ifer 
water. If the well has not been used recently, a stabilization 
test should be performed to determine the amount of pumping 
necessary. 

-Remove aerators, filters, or other devices from the tap before 
sampl ing. 

-In some cases, it is desirable to obtain a sample of the water which 
represents the quality of the water which is being consumed. For this, 
the tap sampled should be the one most frequently used for drinking and 
cooking. Only is this instance is it proper to leave aerators, 
filters, etc. on the tap when the sample is being drawn. 

21 



ScCTION 6 

SAMPLING FOR ORGANICS 

When sampling for volatile organics, samples should be obtained with a 
Teflon bailer. Wells must be properly evacuated (see stanilizatlon tests, page 
6) before sampling. Other methods of water removal may be used for the initial 
evacuation. Stainless steel bailers are less desirable because some organics 
may be absorbed by metal (Pettyjohn, 1981). The samole vials should be 
overfilled without entraoped air bubbles to achieve a positive meniscus, shown 
fn Figure 13. Bottom^emotying devices on bailers will aid in sample transfer 
without aeration. Teflon oailers are also appropriate for obtaining grab 
samples for other organic compounds such as pesticides, PCS's, etc. 

- It is important that the well be properly evacuated prior to sampling, 
although any of the pumps described earlier (hexane and distilled water rinsed) 
can be used for that purpose. Where adequate analytical sensitivity and sample 
unifomity cannot be obtained by grab sampling, continuous sampling procedures 
are used to concentrate and recover non-volatile organic constituents from 
relatively large volumes of ground water. Descriptions of these procedures are 
available (Pettyjohn, 1981; Scalf, 1981). 

Figure 13. Filled Vial for Volatile Organics 
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SECTION 7 

FIELD MEASUREMENH AND SAMPLE PREPARATION 

Prior-to evacuating the well, depth to ground water should be measured to 
the nearest hundredth of a foot (O.Ql foot). Depth to water must he reported-
relative to the top of the well casing as well as the calculated water surface 
elevation. Weighted steel tapes are preferred for depth measurement, hut other 
methods may oe used If the desired accuracy can oe obtained. 

A staoll Izatlon test should be performed for each monitoring well to 
determine the amount of pumping required to ootain a sample of water from the 
formation. Section Z of this manual discusses the staolHzatlon test procedure 
in greater detail. Each well should be pumped at the rate used in the 
stabilization test for the period of time which was required to ootain 
stabilized readings. Once the well has been thus evacuated, a sample should be 
drawn for field analyses of pH, temperature, and specific conductance. 
Manufacturers' directions for usage of the pH and conductance meters should be 
followed. Calibration of the meters should be performed daily. 

Another sample should be taken for laboratory analysis. Sample 
containers should be supplied by the laboratory. The container should indicate 
the types of analyses to be performed. Field filtration through a 0.4S micron 
filter should be done on that portion of the samples to be analyzed for 
dissolved metals. A new filter should be used for each sample, and the 
filtration apparatus should be cleaned between sample locations. Appropriate 
preservation techniques must be followed immediately upon sample collection (and 
after filtration for dissolved parameters) to minimize chemical changes which 
could affect analytical results. Appendix C shows the appropriate container 
types and preservation methods for various parameters. 

The same field analysis, filtration, and preservation techniques should be 
Observed for all types of samples, except that samples taken from drinking and 
industrial water supply wells should not be filtered. By not filtering, the 
analysis will show the concentration of metals in the water as it is being 
consumed. 

All samples should be iced or refrigerated and transported to the laboratory 
within 24 hours of sampling. To assure prompt analysis. It Is advisable to 
sample early In the week so that samples do not renaln In the laboratory over 
the weekend. 
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SECTION a 

ESTABLISHING A SAMPLING PROTOCOL 

A sanollng protacal for each site should oe estaolished, malncained oy the 
site owner/permittee, and made availaole to field personnel before eacn 
anticipated sampling date so adequate preparation can be made. The protocol 
should include the following: 

-the order in which the wells and other monitoring points are to be 
sampled (it is generally preferaole to begin with the wells 
containing the best quality water and end with those with the worst to 
lessen the chance of cross-contamination); 

-methods to be followed at each sampling point, including the stabilization 
procedures; 

-equipment to be used for water level measurement, evacuation, and sampling; 

-procedures to be followed for cleaning the equipment between saraoles; 

-the type of containers to be filled and the volume of sample needed for 
each; 

-field testing, filtration, and preservation methods; 

-the cleaning procedure and volume and type of cleaning agent to be used for 
cleaning the equipment between sampling points; and 

-sample shipping procedures or procedures to be followed when samples are 
delivered to the laboratory, as appropriate. 

A copy of the protocol should be kept in a field notebook. The notebook should 
also include accurate records of measurements, notes and comments made at each 
sampling event. In the Procedures Manual for Ground Water Monitoring at Solid 
Waste Disposal Facilities (USEPA. 1977). USEPA recommends that the foilowinq 
re'coros be kept for eacn sample submitted to the laboratory: 

-sample description—type (groundwater, surface water), volume; 

-sample source—well number, location; 

-sampler's identity—chain of evidence should be maintained; each time 
transfer of a sample occurs, a record including signatures of parties 
involved in transfer should be made; 

-time and date of sampling; 

-significant weather conditions; 
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-sample laooratory numoer; 

-pertinent well data—depth of well, depth to water taole, water surface 
elevation, and schedule and method of pumping; 

-sampl ing method—vacuum, hailer, pressure; 

-type and numoer of preservatives, if any (e.g., NaOH for cyanide, 
H3PO4 and CUSO4 for phenols, etc.), or whether the sample was filtered; 

-sample containers—type, size, and numoer (e.g., three liter glass 
stoppered bottles, one gallon screw-cap bottle, etc.); 

-reason for sampling—initial sampling of new landfill, annual 
sampling, quarterly sampling, special proolen samoling in conjunction 
with contaminant discovered in nearoy domestic well, etc.; 

-appearance of sample—color, turbidity, sediment, oil on surface, 
etc.; 

-any other information which appears to be significant—(e.g., sampled 
in conjunction with state, county, local regulatory authorities; 
samples for specific conductance value only; sampled for key indicator 
analysis; sampled for extended analysis; resampled following 
engineering corrective action, etc.); 

-name and location of laboratory performing analysis; 

-water temperature upon sampling; 

-thermal preservation—(e.g., transportation in ice chest); 

-analytical determinations (if any) performed in the field at the time 
of sampling and results obtained—(e.g., pH, tenperature, dissolved-
oxygen, and specific conductance, etc.); 

-analyst's identity and affiliation. 
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SECTION 9 

LABORATORY REQUIREMENTS 

All analyses must 5e performed according to USE?A aoproved methods listed in 
Methods for Chemical Analysis of Water and Wastes, or The Determination of 
Halogenated Chemicals in Water oy the Purge and Trap Method (USEPA Method 502.1) 
and The Analysis of Aromatic Chemicals in Water by the Purge and Trap Method 
(USEPA Method 503.1), or equivalent methods approved by USEPA. Each laboratory 
doing Agency-required analyses will be asked to provide the Agency with a list 
of methods referenced to the above documents, for all required tests. 

Samples should ideally be collected by laboratory personnel. In all cases, 
sample containers must be pnjvided by the laboratory. Due to the sensitivity of 
anal^es for volatile organic compounds, it is recommended that these samples in 
particular be collected by experienced field or laboratory personnel only. The 
laboratory must have a quality assurance procedure for sample containers. The 
containers should be of the types specified in Appendix C. Preservatives and 
instructions for their use should also be provided. 

The Agency is now requiring that a quality assurance plan for each site be 
approved before samoling begins. These plans must not only be submitted for new 
sites, but also for each change of laboratory at existing sites. Plans must be 
kept current, with the Agency notified of any change or variation in procedure. 
A quality assurance program is now being developed for many MPCA programs. 
Contact Orboie Webber (MPCA, Solid and Hazardous Waste Division) for more 
information. 

The following list of items must be included in a quality assurance plan: 

-the order in which the wells are to be sampled and the rationale for this 
order; 

-the amount of water in gallons and well volumes which must be evacuated 
from each well prior to sampling based on stabilization tests or other 
methods; if other methods are used, they should be detailed; 

-a list of the parameters to be analyzed for in each well, a sampling 
schedule, and a parameter protocol; 

-the methods followed and equipment used for measuring the static water 
level, stabilizing the well, evacuating each well, obtaining a sample, and 
field filtering; 

-the cleaning procedures, and materials and volume of cleaning agent used 
for cleaning equipment between wells; 

-sample preservation methods, minimum sample volumes and container 
specifications for each parameter; 

-a samole chain-of-custody form which will be used; 
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-shipping ana handling procsauras and a time schedule frcn the field to the 
laooratory to actual analysis for each parameter; ^ 

-the methods to oe used for analysis, referenced to EPA or Stanaard Methods; 

-the lowest detection limits and resorting limits whicn are acnieved 
according to the method and equipment used; 

-the type of equipment used in the laooratory and its maintenance schedule; 

-the numoer of quality control samples (blanks, spikes, or duolicates) that 
are proposed to oe analyzed as a part of each sample set for the parameters 
to oe analyzed in the investigation; at least one field olank must be 
analyzed and reported for each sample set for volatile organics analyses; 
and 

-the scheduled first sampling date so that Agency staff has an opportunity 
to split samples, inspect the wells, and observe the sampling procedure 
with the person assigned to collect the samples. 

Field checks should be performed for purposes of quality assurance. In 
USEPA's Handbook for Analytical Quality Control in Water and Wastewater 
Laboratories (Marcn. 1979). tne follow;no checks are recommenaeo: 

-Duplicate Samples - At selected stations on a random time frame 
duplicate samples are collected from two sets of field equipment, 
or duplicate grab samples are collected. This provides a check of 
sampling method and equipment for precision. 

-Split Samples - A representative subsample from the collected sample 
is removed and both are analyzed for the pollutants of interest. The 
samples may be reanalyzed by the same laboratory or analyzed by two 
different laboratories for a check of the analytical procedures. 

-Spiked Samples - Known amounts of a particular constituent are added 
to an actual sample or to blanks of deionized water at concentrations 
at which the accuracy of the test method is satisfactory. The amount 
added should be coordinated with the laooratory, and the person 
performing the spike must be proficient in qualitatively performing 
the operation. This method provides a proficiency check for accuracy of 
the analytical procedures. 

-Sample Preservation Blanks - Acids and chemical preservatives can 
become contaminated after a period of field use. The sampler 
should add the same quantity of preservative to some distilled water as 
normally would be added to a water sample. This preservative 
blank is sent to the laboratory for analysis of the same parameters 
that are measured in the sample and values for the blank are then 
reported along with the sample values. Chemical preservatives 
should be changed every two weeks, or sooner, if contamination 
increases above predetermined levels. 
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-Field 31anKS - Field alanKS .nay ae necessary wnere samoiing eouinnenc-or 
other factors could affect t.he parameters of interest. Field alantes 
consist of deionized water, run througn clean samoiing eouianent. then 
preserved and hanoled in the same manner as the samnles. 

"Chain of custody" traclting is raconnnenoed for all sainoies. The following 
discussion of this proceoure is from the .orocedures Manual for Ground Water 
Monitoring at Solid Waste Oisoosal Facilities (USEPA, i977J. 

Prooer chain of custody procedures play a crucial role in enforcement cases. 
The following are some Oasic guidelines which have legal significance: 

-As few peoole as possiole should handle t.he samole. 

-Stream and ground water samoles should oe ootained oy using standard 
field sampling techniques as discussed in this manual. 

-The chain of custody records should oe attached to the samole 
container at the time the sample is collected, and should contain the 
following information: samole numoer, date and time taken, source of 
the samole (include type of samole and name of firm), the preservative 
and analysis required, name of person taking samole, and t.he name of 
any witness. The prefilled side of the card should be signed, timed, 
and dated by the sampler. The samole container should be sealed, with 
an indication of the regulatory agency's designation, date, and 
sampler's signature attached. The seal should cover the string or wire 
tie of the chain of custody record, so that the record or tag cannot be 
removed or the container opened without breaking the seal. The tags and 
seals should be filled out in legible handwriting. '#rhen transferring the 
possession of samples, the transferee should sign and record the date and 
time on the chain of custody record. Custody transfers. If made to a 
sample custodian in the field, should be recorded for each individual 
sample. The numoer of custodians in the chain of possession should be as 
few as possible. If samples are delivered to the laboratory when . 
appropriate personnel are not there to receive them, the samples s'iuuld be 
locked in a designated area within the laboratory so that no one can tamper 
with them. 

-Blank samples should be collected in containers with or without 
preservatives, so that the laboratory analysis can be performed to show 
that there was no container contamination. 

-A field book or log should be used to record field measurements and 
other pertinent information necessary to refresh the sampler's memory 
if he later becomes a witness in an enforcement proceeding. 

-A separate field notebook should be maintained for each facility. It must 
be stared in a safe place where it can be protected and accounted for at 
all times. A standard format should be established to minimize field 
entrias. The entries should then be signed by the fieio saraoler. The 
responsibility for preparing ana retaining field notebooks during and after 
d samoiing survey should be assigned to a survey coordinator or his 
cesignated representative. 
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-The samoler is resDonsiole for the care and custody of the saooles 
collected. He must assure that eacn container is in his possession or in 
his view at all times or stored in a locked place where no one can tamoer 
with it. 

-Photograohs can oe taken to estaolish exactly wnere the samoles were 
ootained. Written documentation on the oack of the photograpn should 
include the signature of the photographer, the time, data, and site 
location. Photographs should he handled according to the estaolished 
chain of custody procedures. 

-Each laboratory should have a sample custodian to maintain a permanent log 
book in which he records for each sample: the person delivering 
the sample, the person receiving the samole, date and time received, 
source of sample, sample numoer, how the sample was transmitted to the 
lab, and a numoer assigned to each sample by the laboratory. A 
standardized format should oe estaolished for log-book entries. The 
custodian should insure that heat-sensitive or light-sensitive samples 
or other sample materials having unusual physical characteristics that may 
require special handling are properly stored and maintained. 
Distribution of samples to laboratory personnel who are to perform 
analyses should be made only by the custodian. The custodian should , 
log the laboratory sample numoer, time, date, and the signature of the 
person to whom the samples were given. Laboratory personnel should 
examine the seal on the container prior to opening and should be 
prepared to testify that their examination of the container indicated 
that it had not been tampered with. 

Figure 14 shows a chain-of-custody form currently in use by the Agency. The 
form is a multi-part carbonless form, with copies distributed to the sampler, 
laboratory and regulatory agency. 
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Minnesota Pollution Control Agency 
Solid Mazardous Waste Division 
1933 West County Road B2 
Rosevllle, Minnesota 33113 

S05006 
Figure 14. Chain of Custody Form CHAIN OF CUSTODY RECORD 
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SECTION 10 

REPORT ING REQUI RE.MENTS 

The results of the required analyses are to de sucmittad to the Agency in 
the time frame scecified in the permit, order, or agreement. SuOraittal of 
reports should oe on forms provided Oy the Agency when so directed. Information 
to Oe reported includes Orief descriptions of the following: 

-the static water level for each well to the nearest O.OI foot from the 
surveyed reference point; 

-the volume of water removed oefore sampling; 

-sampler's field comments on unusual or noteworthy occurrences during the 
sampl ing event; 

-a statement explaining the reasons for and ramifications of any deviations 
in sampling or analysis techniques or equipment used from that stated in 
the approved quality control plan; and 

-the laboratory results of each sample analysis along with quality control 
sample analyses (i.e., blanks, spites, duplicates). An anal^is of a field 
blank for each sampling event for volatile organics must be Included. 

Annual reports may also be required. These should cover one calendar year 
and be submitted by the end of the following January. In the annual report, the 
facility owners or operators provide the Agency with a detailed interpretation 
of the monitoring results collected from each site. These reoorts are to be 
prepared by persons knowled^aole in the field of ground water pollution. In 
many cases, this will require the disposal site permittee to retain the services 
of a qualified consultant to prepare the report. Contents of the report .should 
include: 

-a narrative, describing the effects which the site is exerting on 
surrounding ground water quality and any changes made or maintenance needed 
in the monitoring network; 

-data summary tables; 

-local rainfall conditions at the closest measurement station (information 
Obtainable from the National Climate Data Center, Federal Building, 
Asheville, North Carolina 28801; 704-259-0682); 

-well hydrographs for water elevations at all monitoring paints; and 

-graphics showing concentration versus time for all me'asured parameters, by 
well, for as long as the record exists. It is unnecessary to graph 
parameters consisting of only one data point per year or those which are 
consistently reported as below detectable limits. 
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ENSECO PROPRIETARY INFORMATION STATEMENT 

This document has been prepared by and remains the sole property of ENSECO 
INC. It is submitted to a client or government agency solely for its use in 
evaluating Enseco's qualifications in connection with the particular project, 
certification or approval for which it was prepared, and is to be held 
proprietary to Enseco. 

The user agrees by its acceptance or use of this document to return it upon 
Enseco's request, and not to reproduce, copy, lend or otherwise disclose or 
dispose of the contents, directly or indirectly, and not to use it for any 
purpose other than that for which it was specifically furnished. The user 
also agrees that where consultants or others outside of the user's 
organization are involved in the evaluation process, access to these documents 
shall not be given to those parties, unless those parties also specifically 
agree to these conditions. 

1. Summary of the Method 

This method has been designed for the analysis of polynuclear aromatic 
hydrocarbons (PAH) and heterocyclic compounds at the part per trillion 
level (ppt,ng/L) in water. The analysis is carried out by isolation of 
the target analytes by liquid-liquid extraction of the water sample with 
an organic solvent. Quantitation of the isolated target analytes is 
performed by gas chromatography mass spectrometry (GC/MS) in the selected 
ion monitoring mode (SIM). The compounds listed in Table 1 can be 
quantitatively determined using this analytical method. 

Prepared by; —- Date: 
Phil Tallarico A rr^ti! September 14, 1992 
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This method has three options for the extraction of the samples depending 
on the sample type. The three options include two low and one medium level 
extraction. The low level options have typical reporting limits of 10.0 
ppt, with higher surrogate and spike levels in one of the options to 
accomodate dilutions. The medium level option is eighty times higher in 
detection limits. A volume of sample dependent of the extraction option 
chosen is extracted with methylene chloride. Analysis of concentrated 
extract is performed by gas chromatography/mass spectrometry using the 
selected ion monitoring scanning mode under electron impact ionization 
conditions. 

2. Interferences 

Method interferences may be caused by contaminants in solvents, reagents, 
glassware, and other sample processing hardware that lead to discrete 
artifacts and/or elevated baselines in the ion current profiles. All of 
these materials must be routinely demonstrated to be free from 
interferences under the conditions of the analysis by running laboratory 
reagent blanks. 

Matrix interferences may be caused by contaminants that are coextracted 
from the sample. The extent of matrix interferences will vary 
considerably from source to source, depending upon the nature of the 
environment being sampled. 

An interference that is unique to selected ion monitoring techniques can 
arise from the presence of an interfering compound which contains the 
quantitation mass ion. This event results in a positive interference to 
the reported value for the compound of interest. This interference is 
controlled to some degree by acquiring data for a confirmation ion. If the 
ion ratios between the quantitation ion and the confirmation ion are not 
the specified limits, then interferences may be present. 

3. Apparatus and Materials 

3.1 Glassware 

Glassware must be scrupulously cleaned. Clean all glassware as soon 
as possible after use by rinsing with the last solvent used 
in it. This should be followed by detergent washing with hot water, 
and rinses with tap water, reagent water, and finally with methanol. 
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Glassware should then be solvent rinseds with toluene, acetone and 
methylene chloride, after extensive rinsing glassware should be air 
dryed, then sealed and stored in a clean environment to prevent any 
accumulation of dust or other contaminants. 

Store glassware inverted or capped with aluminum foil. The use of 
high purity reagents and solvents helps to minimize interference 
problems. Purification of solvents by distillation in al1»g1ass 
systems may be required. 

3.1.1 Separatory funnel - 2000 and 4000 ml, with Teflon stopcock or 
continuous liquid liquid extractor, 2000 ml. 

3.1.2 Drying column - glass funnel with ~10 cm anhydrous sodium 
sulfate. 

3.1.3 Concentrator tube, Kudema-Danish - 10 ml. graduated (Kontes 
K-570050-1025 or equivalent). Calibration must be checked at 
the volumes employed in the test. Ground-glass stoppers are 
used to prevent evaporation of extracts. 

3.1.4 Snyder column, Kudema-Danish - Three-ball macro (Kontes K-
503000-0121 or equivalent). 

3.1.5 Evaporative flask, Kudema-Danish - 500 ml (Kontes K-570001-
0500 or equivalent). Attach to concentrator tube with springs 
or clips. 

3.1.6 Nitrogen evaporation device equipped with a water bath that 
can be maintained at 35-40°C. The N-Evap by Organomation 
Associates, Inc., South Berlin, MA (or equivalent) is 
suitable. 

3.1.7 Micro reaction vessels, 2.0 ml (Supelco 3-3295). 

3.2 Gas Chromatograph 

The analytical system Includes a temperature programmable gas 
chromatograph and all required accessories including syringes, 
analytical columns, and gases. The injection port is designed for 
on-column injection when using packed columns and for splitless 
injection when using capillary columns. 
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3.3 Column 

A DB-625.5 30 meter fused silica capillary column, or equivalent. 

3.4 Mass Spectrometer 

A mass spectrometer operating at 70 ev (nominal) electron energy in 
the electron impact ionization mode and tuned to maximize the 
sensitivity of the instrument to the compounds being analyzed. The 
GC capillary column is fed directly into the ion source of the mass 
spectrometer. 

A computer system interfaced to the mass spectrometer allows the 
continuous acquisition and storage on machine-readable media of all 
mass spectra obtained throughout the duration of the chromatographic 
program. The computer has software that allows searching any GC/MS 
data file for ions of a specific mass and plotting such ion 
abundances versus time or scan number. The computer allows 
acquisition at pre-selected mass windows for selected ion monitoring. 

4. Reagents 

4.1 Reagent water 

Reagent water is defined as water in which the ta^et compounds are 
not observed at or above the method detection limit. 

4.2 Solvents 

Acetone, methanol, methylene chloride, cyclohexane - Burdick & 
Jackson, distilled in glass, or equivalent. 

4.3 Sodium sulfate 

(ACS) Granular, anhydrous. Purify by heating at 400^0 for 4 hours in 
a shallow tray. 

4.4 Surrogate Spiking Solution 

Depending on the extraction option chosen low, low75, or medium a 
surrogate solution is made by weighing an appropriate aliquot of each 
purified crystal into a volumetric flask and diluting to volume with 
methanol or acetone and added to the sample prior to extraction with 
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methylene chloride. The compounds In the surrogate solutions are 
naphtha1ene-d8, f1uorene-dlO, and chrysene-dl2. The low surrogate 
solution is at 20 ng/mL and 0.5 ml per liter of sample is added. The 
low75 is at ISO ng/mL and 0.5 mL per liter is added. The medium 
surrogate solution is at 1000 ng/mL and 1.0 mL is added to the 500 mL 
sample. 

4.5 Internal Standard Solutions 

A solution containing ca. 400 ng/mL of each internal standard is 
prepared by weighing an appropriate aliquot of each purified crystal 
into a volumetric flask and diluting to volume with methylene 
chloride. Fifty microliters of this solution is added to the 0.5 mL 
extract prior to analysis to give a concentration of the internal 
standards in the extract of 40 ng/mL. 

4.6 Matrix Recovery Standard Spiking Solution 

A solution containing the following compounds at the listed 
concentrations is prepared by weighing an appropriate aliquot of each 
purified crystal into a volumetric flask and diluting to volume with 
methanol or acetone. The concentrations of the spiking solution for 
both the low and medium level extractions are shown below: 

Compound 

Naphthalene 
F1uorene 
Chrysene 
Indene 
Quinoline 
Benzo(e pyrene 

Low Spiking Medium Spiking Low75 Spiking 
Solution Solution Solution 
fna/mLl fnq/mL) fna/raLl 

20 1000 150 
20 1000 150 
20 1000 150 
20 1000 150 
20 1000 150 
20 1000 150 
20 1000 150 2-methy1naphthalene 

The low spiking solution is added at 0.5 mL per liter of sample. The 
1ow75 is added at 0.5 mL per 1.0 liter of sample. The medium level 
spiking solution is added at 1.0 mL per 500 mL of sample. 
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5. Sample Preservation, Storage and Holding Times 

5.1 Sample Preservation and Storage 

The samples must be protected from light and refrigerated at 4^0 (+ 
2®C) from the time of receipt until extraction and analysis. After 
analysis, extracts and unused sample volume must be protected from 
light and refrigerated at 4^0 (+ 2®C). 

5.2 Holding Times 

Samples must be extracted within 5 days of the time of sample 
receipt. Samples are required to be shipped the same day samples are 
collected using an overnight carrier. 

Extracts must be analyzed within 40 days of extraction. 

5. Sample Extraction 

6.1 Samples 

Samples are extracted at a pH>12. For the low level extraction, a 
measured amount of sample, approximately 4 liters, is poured into 
either two 2-liter continuous liquid-liquid extractors, one 4-liter 
continuous liquid-liquid extractor, or two 4 liter separatory 
funnels. The surrogate solution is added and the samples are 
extracted with methylene chloride. The samples are shaken three 
times with 80 ml of methylene chloride for the shakeout technique. 
The samples are allowed to reflux for eighteen hours if the liquid-
liquid extractor technique is used for preparation. The extracts 
from each two-liter fractional extraction (for either technique) are 
then combined for concentration. The medium level extraction 
requires that 500 ml of the sample be extracted with methylene 
chloride for 18 hours in a one liter continuous liquid-liquid 
extractor or shaken three times with 60 mLs of methylene chloride in 
a 2-liter separatory funnel. The extracts are passed through an 
anhydrous sodium sulfate drying column into a 500 mL Kudema-Danish 
evaporative concentrator. 
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Both low level extracts are concentrated to approximately 0.5 ml and 
transferred to a 2.0 mL microreaction vessel. The methylene chloride 
is evaporated using a nitrogen stream. The evaporative concentrator 
tube is successively rinsed with methylene chloride, the rinsates 
added to the reaction vessel and the methylene chloride again 
evaporated. This process is continued until at least five (5) 1 mL 
rinsings of the tube have occurred. 

The final methylene chloride extract for the low level extraction is 
evaporated to 500 uL. All microreaction vessels are penoanently 
marked at the 500 uL level and additional methylene chloride added, 
when necessary, to insure a final 500 uL extract volume. The medium 
level extract is concentrated to 5.0 ml using the same procedure 
described above. The extract vessels are capped with a Teflon fitted 
septum cap and stored at 40C prior to GC/MS analysis. 

6.2 Method blank 

Method blanks are prepared by treating a 4-L or 500 ml of laboratory 
reagent water exactly as described above depending on the option 
chosen. A method blank must be performed once each case*, each 14 
calendar day period during which samples in a case are received, with 
every 20 samples of similar concentration and/or sample matrix or 
whenever samples are extracted by the same procedure, whichever is 
most frequent. 

* A case is a group or a set of samples collected from a particular 
site over a given period of time. 

6.3 Matrix Recovery Sample 

Matrix recovery samples are prepared by spiking a sample as 
described in section 4.6. The fortified sample is extracted exactly 
as described above for samples. The laboratory will spike and 
analyze 5% matrix spike samples (i.e. one matrix spike with every 20 
samples). 

6.4 Duplicate Sample 

For a minimum of 10% of the samples analyzed a duplicate sample will 
be taken at sampling and a duplicate analysis will be performed. 
This will be carried out to insure that an estimate of precision will 
be available. 
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7. GC/MS Calibrations 

Prior to use of the method for low level analysis of PAH, a five-point 
response factor calibration curve must be established showing the linear 
range of analysis. Only one level of calibration is used for the two low 
level and the medium level ppt PAH analyses. The concentrations of 
standards used to construct the calibration cui^e are 20, 40, 240, 600, 
and 1200 ng/mL. The linear range for low level analysis (4 L to 0.5 ml) 
corresponds to sample concentrations of 2.5, 5, 30. 75. and 300 ng/L. If 
the concentration of any target compound in a sample exceeds the linear 
range defined by the above standards, the extracts must be diluted so that 
the most concentrated analyte falls within the upper half of the 
calibration curve. The linear range for medium low level analysis (0.5 L 
to 5.0 ml) corresponds to final sample concentrations of 200. 400. 2400, 
6000 and 12000 ng/L. For ever^ 12 hours of GC/MS analysis, the mass 
spectrometer response for each PAH relative to the internal standard is 
determined, as described in the Calculations section, using daily check 
standards at concentrations of 40 ng/mL. Daily response factors for each 
compound must be compared to the initial calibration curve. If the daily 
response factors are within +35 percent of the corresponding calibration 
curve value the analysis may"proceed. If. for any analyte. the daily 
response factor is not within +35 percent of the corresponding calibration 
curve value, a five-point caliFration curve must be repeated for that 
compound prior to the analysis of samples. 

Table 2 contains example RRT data for target compounds. 

8. Daily GC/MS Performance Tests 

The GC/MS will not be tuned to meet decafluorotriphenylphosphine (DFTPP) 
ion abundance criteria. EPA has dropped this requirement for selected ion 
monitoring (SIM) methods. This allows the laboratory to tune the 
instrument to maximize the sensitivity for the compounds being analyzed as 
described below. 
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Mass tuning will be performed using the mass calibration compound FC43. 
Tuning will be performed to maximize the sensitivity of the mass 
spectrometer for the mass range of compounds being analyzed. In the FC43 
spectra, the ion abundance of masses 131 and 219 are adjusted to a 
approximate ratio of 1:1. These two ions are then maximized to be 
approximately 50 to 70% of the ion abundance of the base mass 69. This 
procedure maximizes the sensitivity of the instrument in the mass region 
of interest for the PAH analysis. 

9. Gas Chromatography/Mass Spectrometry Analysis 

Just prior to analysis an aliquot of internal standard solution is 
transferred to the sample vial using a 250 uL syringe to give a final 
internal standard concentration of 40 ng/mL in the extract. 
Representative aliquots are injected into the capillary column of the gas 
chromatograph using the following, or similar conditions: 

Injector Temp - 250OC 
Transfer Line Temp - 290OC 
Initial Oven Temp - 30®C 
Initial Hold Time - 1 min. 
Ramp Rate - lOOC/min. 
Final Temperature - 3250C 

The effluent from the GC capillary column is fed directly into the ion 
source of the mass spectrometer. The MS is operated in the selected ion 
monitoring (SIM) mode using appropriate windows to include the 
quantitation and confirmation masses for each PAH as shown in Table 1. 
For all confounds detected at a concentration above the MDL, a check is 
made to insure the confirmation ion is present. 

10. Calculations 

10.1 Qualitative Identification 

Obtain EICPs for the primary m/z and the confirmatory ion. The 
following criteria must be met to make a qualitative identification: 

The characteristic masses of each parameter of interest must maximize 
in the same or within one scan of each other. 
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For the qualitative identification, the relative retention time (RRT) 
of unknown peaks fall within +/- 0.06 RRT units. 

The relative peak areas of the primary ion compared to the 
confirmation or secondary ion masses in the EICPs must fall within + 
20% of the relative intensities of these masses in a reference mass 
spectrum. The reference mass spectrum can be obtained from a 
standard analyzed in the GC/MS system or from a reference library. In 
some instances a compound that does not meet secondary ion 
confirmation criteria may still be determined to be present in a 
sample after close inspection of the data by the mass spectroscopist. 
Supportive data includes correct relative retention time and the 
presents of the secondary ion but the ratio is greater than + 20% of 
the primary ion which may be caused by an interference of the 
secondary ion. When the primary ion is not affected by interferences 
and the decision is agre^ to by the reviewer, the compound is 
flagged with an asterisk (*) on the sample summary sheet. 

Stnictural isomers that have very similar mass spectra and less than 
30 s difference in retention time, can be explicitly identified only 
if the resolution between authentic isomers in a standard mix is 
acceptable. Acceptable resolution is achieved if the baseline to 
valley height between the isomers is less than 25% of the sum of the 
two peak heights. Otherwise, structural isomers are identified as 
isomeric pairs. 

10.2 Quantitation 

The following formula is used to calculate the response factors of 
the internal standard to each of the calibration standards. 

RF = (ASC{S)/(AI'5CS) 

where: 

As = Area of the characteristic ion for the parameter to be 
measured. 

Ais = Area of the characteristic ion for the internal standard. 
Cis = Concentration of the internal standard, (ng/mL). 
Cs = Concentration of the parameter to be measured, (ng/mL). 
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Based on these response factors, sample extract concentrations for 
each PAH is calculated using the following formula. 

Ce = ('^s)(Is) 
(Ais)(RF) 

where: 

Ce » Sample extract concentration (ng/mL) 
Ag = Area of the characteristic ion for the parameter to be 

measured. 
Ais = Area of the characteristic ion for the internal standard. 
Ig = Amount of internal standard added to each extract 

(ng/mL). 

The actual sample concentration (C) for each compound is calculated 
by the following formula: 

Vp 
C = (Ce) X , 

s 
C = Concentration in Sample (ng/L) 
Vg » The final extract volume (ml), and 
Vg = The original volume of sample extracted (L). 
Ce = The ng/mL amount measured in the analytical extract. 

11. Quality Control/Quality Assurance 

11.1 GC/MS Tuning 

The GC/MS is tuned as described in section 8.0. 

11.2 GC/MS Initial Calibration and Continuing Calibration Check 

Prior to the use of the method for low level analysis of PAH, a five-
point response factor calibration curve must be established showing 
the linear range of the analysis. 

Each calibration standard is analyzed and the area of the primary 
characteristic ion is tabulated against concentration for each 
compound. The response factor (RF) for each compound at each 
concentration level is calculated using the following equation: 
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RF = X 
^is ^ 

As = Area of the characteristic ion for the compound to be 
measured. 

Ais = Area of the characteristic ion for the specific internal 
standard. 

Cis - Concentration of the internal standard 
Cs - Concentration of the compound to be measured. 

For every 12 hours of GC/MS analysis, the mass spectrometer 
response (RF) for each PAH of interest (Table 1) relative to the 
internal standard is determined. 

These daily response factors for each compound must be compared 
to the initial calibration curve. The percent difference is 
calculated using the following equation: 

% Difference = RFI - RFC X 100 

RFI 

RFI = Average response factor from initial calibration. 

RFC = Response factor from current verification check 
standard. 

If the daily response factor are within +35 percent of the 
corresponding calibration curve value the analysis may proceed. If, 
for any analyte, the daily response factor is not within +35 percent 
of the corresponding calibration curve value, a five- point 
calibration curve must be repeated for that compound prior to the 
analysis of samples. 

11.3 Method Blank Analysis 

A method blank consists of deionized, distilled laboratory water 
carried through the entire analytical scheme (extraction, 
concentration, and analysis). The method blank volume must be 
approximately equal to the sample volumes being processed. 
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Method blank analysis are performed at the rate of one per case*, 
each 14 calendar day period during which samples in a case are 
received, with every 20 samples of similar concentration and/or 
sample matrix, or whenever samples are extracted by the same 
procedure, whichever is most frequent. 

If the method blank contains any of the carcinogenic PAHs listed in 
Table 10-3 at concentrations greater than the method detection limit 
(NOL), or any other target PAH compound at a concentration 5 times 
greater than the MDL, the method blank will be considered out of 
control. Corrective action will include reanalysis of the blank 
extract, an investigation into laboratory sources of contamination 
and qualifying that sample data relates to the blank. Blank level 
contamination should be considered the minimum level of contamination 
in all samples that are analyzed with the blanks. 

* A case is a group or a set of samples collected from a 
pariiicular site over a given period of time. 

11.4 Surrogate Compound Analysis 

The laboratory will spike all samples and quality control samples 
with deuterated PAH surrogate compounds. The surrogate compounds 
will be spiked into the sample prior to extraction and will measure 
individual sample matrix effects associated with sample preparation 
and analysis. Surrogates will include naphthalene-dg, fluorene-djo, 
and chrysene-di2. 

RMAL will take corrective action whenever the surrogate recovery for 
any one or more surrogates is outside the following .acceptance 
criteria: 

Surrogate Acceptance Criteria k 
Low-Lev^ 

Naphthalene-d8 21-108 
Fluorene-dlO 41-162 
Chrysene-dl2 10-118 

The following corrective action will be taken when required as stated 
above: 
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a) Check calculations to assure there are no errors; 

b) Check internal standard and surrogate solutions for 
degradation, contamination, etc., and check instrument 
performance; 

c) If the surrogate recovery is outside the control limits, the 
secondary ion may be used to check the quantitation of the 
surrogate. If the secondary ion meets within the control 
limits this recovery is reported with flag of # next to the 
percent recovery. 

d) If the upper control limit is exceeded for only one surrogate, 
and the instrument calibration, surrogate standard 
concentration, etc. are in control, it can be concluded that 
an interference specific to the surrogate was present that 
resulted in high recovery and this interference would not 
affect the quantitation of other target compounds. The 
presence of this type of interference can be confirmed by 
evaluating the chromatographic peak shapes in ion intensities 
of the surrogate. 

e) If the surrogate could not be measured because the sample 
required a dilution, no corrective action is required. The 
recovery of the surrogate is recorded as D with the note 
surrogate diluted out. 

f) Reanalyze the sample or extract if the steps above fail to 
reveal a problem. If reanalysis of the extract yields 
surrogate recoveries within the stated limits, then the 
reanalysis data will be used. Both the original and reanalysis 
data will be reported. 

11.5 Matrix Spike Analysis 

The laboratory will spike and analyze 5% matrix spike samples. RMAL 
will spike seven representative compounds into water. These 
compounds and the spiking levels as listed in section 4.5. 
The initial matrix spike criteria for data validity are as follows: 
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SPIKE COMPONENT ACCEPTANCE CRITERIA 

IH-INDENE 20-150 
NAPHTHALENE 20-150 
QUINOLINE 20-150 
2-METHYLNAPHTHALENE 20-150 
FLUORENE 69-118 
CHRYSENE 20-132 
BENZO(E)PYRENE 20-150 

One compound is allowed to be below the above acceptance 
criteria. The average recovery for the spike pair must also 
fall into the above criteria with one compound being allowed 
below the acceptance criteria. 

Criteria for data validity for each individual matrix spike compound 
will be developed as data is collected and will be updated annually. 

If the matrix spike criteria are not met, the matrix spike analysis 
will be repeated. If the subsequent matrix spike analysis meets the 
criteria, then the reanalysis data will be used. If not, the data 
for the sample will be reported but qualified as being outside the 
acceptance criteria of the method. Both the original and reanalysis 
data will be reported. 

11.6 Duplicates 

The laboratory will analyze 10% duplicate samples. Percent difference 
between duplicates will be calculated for each detected compound. 
Corrective action will be performed if the relative difference is 
greater than 70% for target compounds. 
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TABLE 1 
COMPOUNDS AND MS QUANTITATION MASS IONS* 

Quantitation Internal 
ComDound Mass Ion Confirmation Ion Standard Reference 

Polynuclear Aromatic Hydrocarbons (PAH) 

Naphthalene 128 102 1 
Acenaphthylene 152 151 1 
Acenaphthene 154 153 1 
Fluorene 166 165 1 
Phenanthrene 178 176 2 
Anthracene 178 176 2 
Fluoranthene 202 200 2 
Pyrene 202 200 2 
Benzo(a)anthracene 228 226 3 
Chrysene 228 226 3 
Benzof1uoranthenes 252 250 3 
Benzo(a)pyrene 252 250 3 
Indeno(1,2,3,cd)pyrene 276 274 3 
Di benz(a,h)anthracene 278 279 3 
Benzo(g,h,i)pery1ene 276 274 3 

Internal Standards 

1} Acenaphthene-dlO 164 
2) Phenanthrene-dlO 188 
3) Benzo(a)pyrene-dl2 264 

* The relative peak areas of the primary ion compared to the confirmation or 
secondary ion masses in the EICP's must fall within +/- 20% of the relative 
intensities of these masses in a reference mass spectrum. 
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Surrogates 

TABLE 1 (Continued) 

1) Naphtha1ene-d8 136 
2) Fluorene-dlO 176 
3) ChT7sene-dl2 240 

134 
174 
236 

1 
1 
3 

Compound 
Quantitation 

Mass Ion Confirmation Ion 
Internal 

Standard Reference 

Heterocvcles and Other PAH 

Indene 116 115 1 
Indole 117 90 1 
2,3-dihydroi ndene 117 118 1 
2,3-benzofuran 118 90 1 
Quinoline 129 102 1 
Benzo(b)thiophene 134 89 1 
2-methy1naphthalene 141 115 1 
1-methy1naphth a1ene 141 115 1 
Biphenyl 154 153 1 
Carbazole 167 166 2 
Dibenzofuran 168 139 1 
Acridine 179 178 2 
Dibenzothiophene 184 139 2 
Perylene 252 250 3 
Benzo(e)pyrene 252 250 3 
7,12-Dimethylbenz(a)anthracene 256 241 3 
3-Methy1cholanthrene 268 252 3 
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TABLE 2 
RELATIVE RETENTION TIMES AND CONFIDENCE FDR THE COMPOUNDS 

ASSOCIATED WITH THE LOW LEVEL PAH AND HETEROCYCLE METHODOLOGY 

Absolute 
Retention Time Avq. 
(minutes) 

Benzofuran 8:03 0.550 
Dihydroindene 8:45 0.590 
Iodine 8:54 0.598 
Naphthalene-d8(Surr.) 11:14 0.733 
Naphthalene 11:16 0.735 
Benzo(b)thiophene 11:25 0.743 
Quinoline 12:06 0.783 
Indole 12:55 0.824 
2-methylnaphthalene 12:59 0.832 
1-methylnaphthalene 13:15 0.848 
Biphenyl 14:12 0.901 
Acenaphthylene 15:15 0.962 
Acenaphthene 15:44 0.988 
Dibenzofuran 16:09 1.011 

Fluorene-dlO(Surr.) 16:57 0.872 
Fluorene 17:01 0.875 
Dibenzothiophene 19:08 0.974 
Phenanthrene 19:28 0.988 
Anthracene 19:34 0.994 
Acridine 19:42 0.999 
Carbazole 20:02 1.013 
Fluoranthene 22:32 1.130 
Pyrene 23:07 1.157 

Benz(a)anthracene 26:16 0.873 
Chrysene-dl2 (Surr.) 26:18 0.874 
Chrysene 26:22 0.876 
Benzofluoranthenes 29:00 0.960 
Benzo(e) pyrene 29:34 0.984 
Benzo(a)pyrene 29:44 0.988 
PeT7lene 29:55 0.996 
Indeno(l,2,3 cd)pyrene 32:31 1.114 
Dibenz(ah)anthracene 32:36 1.113 
Benzo(ghi)perylene 33:17 1.149 

RRT SD \ RSD 95» Confidence Limits 

0.015 2.807 0.520-0.580 
0.016 2.765 0.558-0.622 
0.016 2.699 0.566-0.630 
0.017 2.289 0.699-0.767 
0.017 2.289 0.701-0.769 
0.017 2.258 0.709-0.777 
0.017 2.140 0.749-0.817 
0.018 2.167 0.788-0.860 
0.017 2.084 0.798-0.866 
0.017 2.055 0.814-0.882 
0.017 1.921 0.867-0.935 
0.018 1.822 0.927-0.988 
0.018 1.849 0.952-1.024 
0.018 1.791 0.975-1.047 

0.015 1.735 0.842-0.902 
0.015 1.745 0.845-0.905 
0.016 1.617 0.942-1.006 
0.016 1.589 0.956-1.020 
0.016 1.597 0.962-1.026 
0.016 1.572 0.967-1.031 
0.015 1.487 0.983-1.043 
0.017 1.461 1.096-1.164 
0.017 1.443 1.123-1.191 

0.012 1.325 0.849-0.897 
0.012 1.320 0.850-0.898 
0.012 1.320 0.852-0.900 
0.014 1.501 0.932-0.988 
0.016 1.590 0.952-1.016 
0.016 1.615 0.956-1.020 
0.016 1.644 0.964-1.028 
0.025 2.276 1.064-1.164 
0.031 2.743 1.051-1.175 
0.028 2.422 1.093-1.205 



STANDARD 
OPERATING 
PROCEDURE 

Subject or TjSffla:" Page I of 16 
Tg&tft Recoverable Phenolics - City of St. Louis Park 

(Manual) 

SOP No.: Revision No.: Effective Date: 
LN-RNA-1112 1.0 June 13, 1990 

Supersedes: Original 

1. Scope and Application 

1.1 This method measures steam-distill able phenolic materials which react 
with the color reagents under the conditions of the analysis. 

1.2 The detection limit is 5 ug/L as Phenol. 

1.3 This method is applicable to the analysis of drinking, surface and 
saline waters, domestic and industrial wastes, and soil samples. 

1.4 The range extends to 0.1 mg/L. The range can be extended by dilution 
of the samples. 

1.5 Approximate preparation time is 2 hours for a group of 10 samples. 
Analytical time is about 15 minutes per sample. 

2. Summary of Method 

The sample is acidified and distilled to separate phenolics from 
interfering compounds. Phenolics in the distillate react with 4-
aminoantipyrene in the presence of potassium ferricyanide at pH 10 to form 
a reddish-brown dye, which is extracted into chloroform and measured 
colorimetrically at 460 nm. 

3. Comments 

3.1 Interferences 

3.1.1 Most direct interferences are eliminated by distillation of an 
acidified sample. Phenolic compounds distill with the water 
but interfering compounds do not. 

Prepared by: 
Lindsay Breyer 

Date: 
June 13. 1990 

Management Approval: Date: Management Approval: 
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3.1.2 Some phenolic compounds are not steam-distill able and will 
not be determined. 

3.1.3 The colors produced by various phenolic compounds are not 
the same, so the response will depend on the compounds 
actually present in the samples. Phenol has been selected 
as the calibration standard since it is not possible to 
reproduce the mixture of compounds present in the sample. 
The result obtained will represent the minimum 
concentration of phenolics present in the sample. 

3.1.4 Interference from sulfur compounds is eliminated by 
acidification and addition of copper sulfate. 

3.1.5 Oxidizing agents such as chlorine will oxidize phenolic 
compounds and must be removed. 

3.1.6 Oil may distill over and interfere with the analysis. 

3.1.7 Aromatic amines may react with nitrite (if present) to 
produce phenolic compounds. 

4. Safety Issues 

4.1 All employees are expected to be familiar with and follow the 
procedures outlined in the Enseco/RMAL safety plan. Lab coats and 
safety glasses are required in all laboratory areas at all times. If 
you have any questions or safety concerns, see your supervisor or 
safety officer. 

4.2 Wear gloves and apron when handling concentrated acids, bases and 
solvents. Transport only in approved carriers. Avoid breathing 
fumes and vapors; handle in a fume hood. Neutralize and clean up any 
spills immediately. In case of skin contact, flush affected area 
with water for at least 15 minutes. Notify your supervisor or safety 
officer of any spills or exposures. 

4.3 Wear gloves, apron, and face shield when performing distillations. 
Distillations are to be performed under the slot hood. 

4.4 Phenol is extremely toxic and can be absorbed through the skin. 
Handle only in a fume hood and wear gloves. In case of skin contact, 
flush with water for at least 15 minutes. Notify your supervisor or 
safety officer of any exposures. 
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4.5 Extractions are to be performed in a fume hood. Wear gloves and 
apron. Take care to keep chloroform vapors confined to the hood. 

4.6 Samples, reagents and other solutions containing high concentrations 
of toxic materials must not be flushed down the sinks, but are to be 
disposed of in suitable waste containers. 

5. Samples Collection and Preservation 

5.1 Samples are to be collected in glass containers and preserved by 
adding sulfuric acid to pH < 2 and refrigerating at 40C. 

5.2 The holding time is 28 days. 

5. Apparatus 

6.1 All-glass distillation apparatus consisting of 500 ml round-bottom 
flask with side arm, coil condenser, heating mantle with controller, 
and associated adapters and hardware. 

6.2 Recirculating chiller. 

6.3 pH meter and electrode. 

6.4 Separatory funnels, 500 mL, with supporting rack. 

6.5 Porcelain spot-test plate. 

6.6 Spectrophotometer with 2 cm cells. 

6.7 Filter funnels. 

6.8 Filter paper, Whatman 41. 

6.9 Micropipettes with disposable tips, 10 uL, 20 uL, 1 ml. 

6.10 Miscellaneous laboratory apparatus and glassware. 

7. Reagents and Standards 

7.1 Sulfuric Acid, 50% 

Slowly add 500 ml concentrated sulfuric acid to 500 mL deionized 
water with constant mixing and cool. The reaction is very exothermic 
and should be done with extreme caution. 
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7.2 Boiling stones. 

7.3 Copper Sulfate, 10% 

Dissolve 100 g cupric sulfate 5-hydrate in deionized water and dilute 
to 1000 mL. 

7.4 Ferrous Ammonium Sulfate Solution 

Add 1 mL concentrated sulfuric acid to 500 ml deionized water. Add 
1.1 g ferrous ammonium sulfate, mix until dissolved, and dilute to 
1000 ml. 

7.5 Buffer Solution 
I 

Dissolve 16.9 g ammonium chloride in 143 mL concentrated ammonium 
hydroxide and dilute to 250 mL with deionized water. Prepare this 
solution in a hood. Two milliliters of this solution should adjust 
the pH of 100 mL distillate to 10. 

7.6 Arainoantipyrene Solution 

Dissolve 2.0 g of 4-aminoantipyrene in deionized water and dilute to 
100 mL. 

7-7 Potassium Ferricyanide Solution 

Dissolve 8 g potassium ferricyanide in deionized water and dilute to 
100 mL. 

7.8 Phenol Stock Standard, 1000 mg/L 

Dissolve 1.000 g phenol in deionized water and dilute to 1000 mL. 

7.9 Phenol Intermediate Standard, 1.0 mg/L 

Dilute 1.0 mL 1000 mg/L Stock Standard to 1000 mL with deionized 
water. 
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8. 

7.10 Working Standards 

Dilute the 1.0 mg/L Intermediate Standard with deionized water as 
follows: 

Aliquot (mL) Final Vol. (ml) Cone. (mig/L) 

0 
1.0 
2.0 
4.0 
10.0 
20.0 

200 
200 
200 
200 
200 
200 

Blank 
0.005 
0.010 
0.020 
0.050 
0.100 

Note: The standards are not distilled with the samples. 

7.11 pH test strips 

7.12 Starch/iodide test strips 

7.13 Lead Acetate test strips 

Procedure 

8.1 Sample Preparation 

8.1.1 

8.1.2 

8.1.3 

8.1.4 

Measure and record the pH of all water samples, 
strips may be used. 

pH test 

8.1.5 

Check for residual chlorine with starch/iodide test strips. 
A blue to black color indicates a positive test. Record 
the result on the bench sheet. 

Check for sulfide using lead acetate test strips. A dark 
color indicates the presence of sulfide. Record the result 
on the bench sheet. 

Measure 200 mL sample into a distillation flask and add a 
few boiling stones. For soil and waste samples, use 2.0 g 
and add 200 mL deionized water. Be sure to adjust the pH' 
of soil and waste samples before distillation. Record the 
exact weight on the bench sheet. 

If the chlorine test was positive, add ferrous ammonium 
sulfate solution until a negative test is obtained. 
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8.1.6 If the pH is not <2, add 50% sulfuric acid dropwise until 
it is. 

8.1.7 If the sulfide test was positive, add 2 mL 10% copper 
sulfate. 

8.1.8 Assemble the distillation apparatus, turn on the cooling 
water and hood, and start the distillation. Capture the 
distillate in a 250 mL beaker. 

8.1.9 When 150 to 175 mL distillate has been collected, turn off 
the heating mantle and allow to cool. 

8.1.10 Add 25 to 30 mL deionized water and resume distillation 
until 200 ml has been collected. Turn off the heating 
mantle and clean out the flask when cool. Do not over 
distill the samples as this will lead to Interferences in 
the analysis. 

8.1.11 Transfer the distillates to 250 ml glass bottles with 
teflon caps and refrigerate until the are analyzed. 

8.2 Spot Test 

8.2.1 Place 1 mL aliquots of each sample in the wells of a 
porcelain spot test plate. Also run a blank (deionized 
water) and the 0.10 mg/L standard. 

8.2.2 Add 20 uL buffer solution to each well and stir. 

8.2.3 Add 10 uL aminoantipyrene solution and stir. 

8.2.4 Add 10 uL potassium ferricyanide solution and stir. 

8.2.5 Compare the color of the samples to the color of the blank 
and standard. Any samples appearing darker than the 
standard will require dilution prior to analysis. Hake 
note of these on the bench sheet along with the estimated 
dilution required. If necessary, dilute the sample and 
spot check the dilution. 

8.3 Dilution Technique 

8.3.1 Since the sample volumes may not be exactly 200 mL after 
distillation, it is not possible to make dilutions 
volumetrically. Dilutions must be done on a weight basis. 
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8.3.2 Place a beaker on a top loading balance and zero it. 

8.3.3 Pour the entire sample into the beaker and note the weight. 

8.3.4 Divide the weight by the required dilution factor to 
determine the sample weight to be analyzed. For example, 
if there are 205 g distillate and a lOx dilution is needed, 
20.5 g of the distillate should be analyzed. 

I 

8.3.5 Measure out this weight of sample for analysis and dilute 
to a total volume of 200 mL. Return the unused portion of 
the sample to the original container. Record all dilutions 
made on the bench sheet. 

8.4 Analysis of Samples 

8.4.1 Place 200 ml sample (or standard) in a 500 mL separatory 
funnel. Analysis should be performed in a hood. 

8.4.2 Add 4 mL buffer solution and mix. 

8.4.3 Check the pH with a pH meter (pH paper is not sensitive 
enough). The pH should be 10 + 0.2. If necessary, adjust 
the pH by dropwise addition of"ammonium hydroxide or 
hydrochloric acid. 

8.4.4 Add 2 mL aminoantipyrene solution and mix. 

8.4.5 Add 2 mL potassium ferricyanide and mix. 

8.4.6 Wait 3 minutes, then add 25 mL chloroform. 

8.4.7 Shake the separatory funnel 10 times. Vent chloroform 
fumes into the hood. Then allow the phases to separate. 

8.4.8 Shake the funnel another 10 times and let the chloroform 
settle. 

8.4.9 Filter the chloroform extracts through filter paper into 2 
cm cuvettes. 

8.4.10 Measure and record the absorbances at 460 nm, zeroing on 
chloroform; not the blank. 
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8.4.11 If any samples measure higher than the highest standard, up 
to a 5x dilution may be made on the extract with 
chloroform. Record the dilution on the bench sheet and 
make it clear that the chloroform extract was diluted, as 
the calculation will be affected. 

9. QA/QC Requirements 

9.1 QC Samples 

9.1.1 A blank (deionized water) is required with every batch of 
20 less samples. The blank must be taken through the 
entire prep and analysis with the samples. Additional 
blanks, termed "Initial Calibration blank" (ICB) and 
"Continuing Calibration Blank" (CCB) are also analyzed. 
These blanks are used only to evaluate the determinative • 
step and are not distilled. They are analyzed at a 
frequency of one ICB per 20 samples and one CCB per 10 
samples. 

9.1.2 The calibration is verified by the analysis of two 
different laboratory check standards. An "Initial 
Calibration Verification" (ICV) check standard is analyzed 
at a frequency of one per 20 samples. This check is 
carried through the entire procedure, including the 
distillation step. The measured value from this check 
standard must be between 75% and 125% of the true value. 

A "Continuing Calibration Verification" (CCV) check 
standard is analyzed at a frequency of one per 10 samples. 
This standard is used to verify the determinative step 
only. The measured value must be between 85% and 115% of 
the true value. 

If the measured values from the check standards are not 
within control limits, the system is out of control and 
corrective action must be performed. 

9.1.3 Save the original blank and standards; new ones do not have 
to be extracted. 

9.1.4 Duplicate analyses are performed at a frequency of 5%. 
Corrective action is performed if the relative difference 
from the duplicate analysis is greater than 70%. 
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9.1.5 Matrix spikes will be performed at a frequency of 5%. The 
spike level is 50 ug/L. The recovery of the matrix spike 
must be between 75% and 125%. Corrective action is 
performed if these criteria are not achieved. 

9.2 Acceptance Criteria 

9.2.1 An acceptable blank must not contain phenolics above the 
nominal reporting limit of 5 ug/L. If any of the blanks 
contain phenolics above 5 ug/L, the system is out of 
control and corrective action must be performed. 

9.2.2 ICV and CCV recoveries must be 75 - 125%. 

9.2.3 Matrix spike recoveries must be between 75% and 125%. 

9.2.4 The calibration curve must have a correlation coefficient 
of at least 0.995. 

9.3 Corrective Action Required 

9.3.1 The color reaction is very sensitive to pH and the 
extraction technique. Check the pH of all samples before-
developing the color. Use the same extraction technique 
for all samples and standards. 

10. Calculations 

10.1 Subtract the blank absorbance from the standard and sample 
absorbances. If the chloroform extract was diluted, divide the blank 
absorbance by the dilution factor before subtracting. 

10.2 Enter the corrected standard readings into a linear least squares 
program to determine the calibration curve. 

10.3 Calculate the sample results from their corrected absorbances using 
the least squares program. Multiply by any dilutions made during 
prep or analysis. 

11. Data Reporting Deliverables 

The data packages for total phenolics shall as closely follow CLP 
deliverables for inorganic analysis as possible. Reports shall contain 
all applicable CLP forms as well as the associated raw analytical data. 
The package includes Forms I - III, V and VI (results, initial and 
continuing calibration verification, blanks, matrix spike and duplicate). 
Examples of these forms are included in this SOP (Pages 11-16). The 
report shall be organized as described in CLP SOW 7/88. 
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12. References 

12.1 Method source: EPA Methods 420.1, 420.2 

12.2 Deviations from source method and rationale 

12.2.1 There is a discrepancy between the preservation methods and 
holding times given in the method and those given in the 
table of containers and preservatives at the front the 
methods book. He have chosen to use sulfuric acid to 
adjust the sample pH to 2 since this has been done 
traditionally at RMAL. 

12.2.2 The size of the distillation apparatus and volumes of 
sample and reagent vrere reduced to conserve space and speed 
up the analysis. 

12.2.3 Provisions have been made for dilution of the chloroform 
extracts up to 5x. This is sometimes necessary for samples 
tdiich are overrange and cannot be reprepped due to limited 
sample volume or other reasons. 
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COVER PAGE - INORGANIC ANALYSES DATA PACKAGE 

Lab Name: ROCICY HOUNTAIN ANALYTICAL Contract: \ Project: \ 

Lab Code: ENSECO Case No.: \ SAS No.: \ SDG No.: \ 

SOW No. 7/88 

RMA Sample No. Client Sample ID. 

i 
DETECTION LIMIT 

S ug/L 

PARAMETERS METHOD DETECTION LIMIT SOURCE 

Phenolics 420.1 

COMMENTS: 

SOURCE: 
l="Methods for Chemical Analysis of Hater and Hastes," USEPA-EMSL, Cincinnati 

I certify that this data package is in compliance with the terms and 
conditions of the contract, both technically and for completeness, for other 
than the conditions detailed above. Release of the data contained in this 
hardcopy data package has been authorized by the Laboratory Manager or the • 
Manager's designee, as verified by the following signature. 

Signature: 

Date: 

Name: 

Title: 

COVER PAGE - IN 
7/88 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: ROCKY KOUNTAIN ANALYTICAL Contract: \ 

Lab Code: ENSECO Case No.: \ SAS No.: \ 

Matrix (soil/water): \ SOG No.: \ 

Level (low/medium): \ 

H Solids: \ Project: \ 

Date Received: \ 

Concentration Units (ug/L or mg/kg dT7 weight): \ 

RMA Sa^le No. 

Client Sample ID. 

\ 

Analyte Concentration C Q M 

Phenolics 

Color Before: 

Color After: 

Comments: 

\ 

\ 

Clarity Before: \ 

Clarity After: \ 

Texture: \ 

Artifacts: \ 

FORM I - IN 
7/88 
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2A 
INITIAL AND CONTINUING CALIBRATION VERIFICAHON 

Lab Name: ROCKY MOUNTAIN ANALYTICAL Contract: \ 

Lab Code: ENSECO Case No.: \ SAS No. \ SDG No.: \ 

Initial Calibration Source: \ 

Continuing Calibration Source: \ 

Concentration Units: ug/L 

Analyte 

Initial Calibration 

True Found VR(I) 

Continuing Calibration 

True Found ^R (1) Found 4R (1) M 

Phenolics -

FORM II (Part I) -IN 
7/88 
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3 
BLANKS 

Lab Name: ROCKY MOUNTAIN ANALYTICAL Contract: \ 

Lab Code: ENSECO Case No.: \ SAS No.: \ SDG No.: 

Preparation Blank Matrix (soil/water): \ 

Preparation Blank Concentration Units (ug/L or mg/kg): \ 

\ 

Analyte 

Initial 
Calib. 
Blank 
(ug/L) C 

Continuing Calibration 
Blank (ug/L) 

1 C 2 C 3 C 

Prepa
ration 
Blank C 

• 

M 

Phenolics 

« 

FORM III - IN 
7/88 
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5A 
SPIKE SAMPLE RECOVERY 

RNA Sample No. 

Client Sample ID. 

Lab Name: ROCKY MOUNTAIN ANALYTICAL Contract: \ 

Lab Code: ENSECO Case Ho.: \ SAS No.: \ SD6 No.: \ 

Matrix: \ Level (low/medium); \ 

% Solids for Sample: \ 

Concentration Units (ug/L or mg/kg dry weight): \ 

Analyte 

Control 
Limit 
\ R 

Spiked Sample 
Result (SSA) C 

Sample 
Result (SA) C 

Spike 
Added 
(SA) k R Q M 

Phenolics 

Comments: \ 

FORM V (Part 1) - IN 
7/88 
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DUPUCATES 

RNA Sample No. 

Client^Sample ID. 

Lab Name: ROOCy MOUNTAIN ANALYTICAL Contract: \ 

Lab Code: ENSECO Case No.: \ SAS No.: \ SDG No.: \ 

Matrix (soi1/water): \ Level (low/medium): \ 

% Solids for Sample: \ % Solids for Duplicate: \ 

Concentration Units (ug/L or mg/kg dry weight): \ 

Analyte 
Control 
Limit Sample (S) C Duplicate (D C RPD Q N 

Phenolics 

FORM VI - IN 
7/88 
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HEALTH AND SAFETY PLAN 

Introduction 

This Health and Safety Plan applies to personnel who will potentially be 
exposed to groundwater affected by creosote or coal tar constituents during 
the retrieval of groundwater samples from active pumping wells, the 6AC plant, 
monitor wells, and piezometers. This plan has been designated to comply with, 
as a minimum, the requirements set forth in 29 CFR 1910.120, the OSHA 
standards governing hazardous waste operations. In no case may work be 
performed in a manner that conflicts with the intent of or the safety concerns 
expressed in this plan. 

Materials of Concern and Effects of Overexposure 

The materials of concern which have been identified for this project are 
coal tar and creosote related materials including naphthalene, other 
polynuclear aromatic hydrocarbons (PAH) and phenolic compounds. 

Coal tar and creosote are typically irritating to the eyes, skin and 
respiratory tract. Acute skin contact may cause burning and itching while 
prolonged contact and poor hygiene practices may produce dermatitis. 
Prolonged skin contact with creosote must be avoided to prevent the 
possibility of skin absorption. 

Naphthalene is a hemolytic agent which, upon overexposure to the vapor 
or ingestion of the solid, may produce a variety of symptoms associated with 
the breakdown of red blood cells. Naphthalene is also irritating to the eyes 
and repeated or prolonged contact has been associated with the production of 
cataracts. 

Repeated exposure to certain PAH compounds has been associated with the 
production of cancer. Contact of PAH compounds with the skin may cause 
photosensitization of the skin producing skin burns after subsequent exposure 
to ultraviolet radiation. 

Phenolics are generally strong irritants which can have a corrosive 
effect on the skin and can also rapidly penetrate the skin. Overexposure to 
phenols and phenolic compounds may cause convulsions as well as liver and 
kidney damage. 

Hazard Assessment 

Initial 

Because of the relatively low vapor pressures associated with PAH 
compounds (generally less than 10"^ mm Hg at 20°C), they are not expected to 
present a vapor hazard. The most likely threat of exposure to these compounds 
will be via skin contact. 



TABLE 1 

ACTION LIMITS FOR AIR CONTAMINANTS 

Persistent 
Concentration in 

Limn the Breathing Zone Procedure 

Lower 5 ppm Don respirators, step up 
monitoring. 

Upper 50 ppm Stop work and back off from 
immediate work area until levels 
subside in the breathing zone. 

- 2 -



Action Limits 

The American Conference of Governmental Industrial Hygienists (ACGIH) 
has established threshold limit values (TLV) for phenol and naphthalene at 5 
and 10 ppm, respectively, as 8-hour time weighted averages (TWA). Based on 
these values, the action limits in Table 1 have been set. The lower limit of 
5 ppm is based on the TLV for phenol while the upper limit of 50 ppm is based 
on a minimum protection factor of 10 for a half-mask, air puHfying 
respirator. 

Response 

When the PID yields persistent breathing-zone readings at or above the 
lower action limit, workers in the affected area will don respirators. Air 
sampling will continue on a more frequent basis. If readings are persistent 
at or above the upper limit, workers shall back off from the immediate work 
area until measured breathing-zone concentrations fall below the lower limit, 
at which time operations will resume and normal air monitoring will continue. 
If breathing zone levels do not fall below the upper limit, workers are to 
leave the work area and report the condition immediately to the City, the 
Engineer, or its representative. If necessary, engineering controls will be 
instituted to maintain vapor concentrations below the upper limit or 
arrangements will be made to upgrade to Level B protection. 

Personal Protective Equipment 

Personal protective equipment (PPE) will be donned, as necessary, based 
on the hazards encountered. Listed below is the personal protective equipment 
to be utilized during this project and the conditions requiring its use. 

Personal Protective Eouioment 

Coveralls - Polyethylene coated Tyvek if work involves contact 
with affected soil or groundwater. 

Boots - Chemical resistant type if work involves contact with 
affected soil or groundwater. 

Hard Hat - When working in the vicinity of operating heavy 
machinery. 

Face shield - If splash hazard exists. 

Gloves - Nitrile for potential contact with affected soil or 
groundwater. 

Respirator - MSA Comfo II with GMC-H Cartridges if PID reading 
exceeds 5 ppm or if dust or odors become objectionable. 

Chemical Safety Goggles - If eye irritation occurs. 

- 3 -



Because of the carcinogenicity of certain PAH compounds, and because of 
the skin hazards associated with PAH and phenolic compounds, it is important 
that appropriate protective clothing be worn during work activities, which may 
involve the possibility of skin contact with affected soil or groundwater. As 
a minimum, the presence of visible creosote or coal tar related material shall 
constitute evidence of affected soil or groundwater. 

Health and Safety Training 

Personnel covered by this Health and Safety Plan must have received 
appropriate health and safety training prior to their working on the site. 
Training will include: 

Requirements for and use of respirators and personal protective 
equipment. 

Required personal hygiene practices. 

Requirements for employees to work in pairs. 

Proper material handling. 

Proper sampling procedures. 

Maintenance of safety equipment. 

Effective response to any emergency. 

Emergency procedures. 

Hazard zones. 

Decontamination methods. 

General safety precautions. 

A copy of the Standard Safety Procedures (Table 2) will be given to each 
worker covered by this Health and Safety Plan. 

Decontamination 

Administrative procedures require hygienic practices consistent with 
work hazards. Employees will be instructed in the training program on proper 
personal hygiene procedures. 

Contaminated, reusable PPE, such as boots, hard hats, face shields and 
goggles, will be decontaminated prior to leaving the site. The 
decontamination procedure follows: 

Rinse with water to remove gross contamination. 

Wash in Alconox or equivalent detergent solution. 

Rinse with clean water. 

Contaminated, disposable PPE, such as Tyvek coveralls and gloves will be 
placed in 55-gallon drums and stored while arrangements are made for disposal. 
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TABLE 2 

STANDARD SAFETY PROCEDURES 

Employees are required to work in pairs. 

Wash face and hands prior to eating, smoking, or leaving the site. 

No smoking or eating is allowed in the work area during excavation or 
sampling activities. 

Wearing of contact lenses is not permitted in the work area. 

Contaminated material (e.g., Tyvek coveralls) must be properly disposed 
of before leaving the site. 

All work must be conducted in accordance with local, state and federal 
EPA and OSHA regulations, particularly 29 CFR 1910.120. 
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Respirators, if used, will be cleaned and disinfected after each day of 
use. The facepiece (with cartridge removed) will be washed in a hypochlorite 
(or equivalent) disinfecting solution, rinsed in warm water and air dried in a 
clean place. 

Emergency Procedures 

This Health and Safety Plan has been established to aVUw site 
operations to be conducted without adverse impacts on worker health and safety 
as well as public health and safety. In addition, supplementary emergency 
response procedures have been developed to cover extraordinary conditions at 
the site. 

General 

All accidents and unusual events will be dealt with in a manner to 
minimize a continued health risk to site workers. In the event that an 
accident or other unusual event occurs, the following procedure will be 
followed: 

First aid or other appropriate initial action will be administered by 
those closest to the accident/event. This assistance will be conducted 
so that those rendering assistance are not placed in a situation of 
unacceptable risk. In the event that a worker is caught In a trench 
collapse, call for emergency assistance immediately. 

All accidents/unusual events must be immediately reported to the Owner. 

All workers on site should conduct themselves in a mature, calm manner 
in the event of an accident/unusual event, to avoid spreading the danger 
to themselves, surrounding workers and the community. 

Responses to Specific Situations 

Emergency procedures for specific situations are given in the following 
paragraphs. 

Worker Iniurv 

If an employee in an affected area is physically injured. Red Cross 
first-aid procedures will be followed. Depending on the severity of the 
injury, emergency medical response may be sought. 

If the injury to the worker is chemical in nature (e.g., overexposure), 
the following first-aid procedures are to be instituted: 

Eye Exposure - If affected solids or liquids get into the eyes, wash 
eyes immediately using large amounts of water and lifting the lower and 
upper lid occasionally. Obtain medical attention immediately. 
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Skin Exposure - If affected solids or liquids get on the skin, promptly 
wash the affected skin using soap or mild detergent and water. Obtain 
medical attention immediately when exposed to concentrated solids or 
liquids. 

Inhalation - If a person inhales large amounts of a toxic vapor, move 
the exposed person to fresh air at once. If breathing has.stopped, 
perform artificial respiration. Keep the affected person warm and at 
rest. Obtain medical attention as soon as possible. 

Swallowing - When affected solids or liquids have been swallowed, the 
Poison Control Center will be contacted and their recommended procedures 
followed. 

Emergency Notification 

In an extraordinary event that might be damaging to personnel or 
adjacent property, immediate notification of the proper emergency service will 
be required. The proper emergency service is determined by the nature of the 
emergency. 

EMERGENCY NOTIFICATION 

Fire Department 911 

Ambulance 911 

Police Department 911 

Methodist Hospital 932-5000 

Poison Control Center 347-3141 

OTHER CONTACTS 

MPCA - Douglas Beckwith 612-296-7715 

EPA - Darryl Owens 312-886-7089 

City of St. Louis Park - Scott Anderson 612-924-2557 

- William Gregg 612-924-0117 

R94/HSPLNGAC 
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COMMUNITY RELATIONS PLAN 

The Sampling Plan is to be completed in accordance with the Consent Decree-

Remedial Action Plan for Reilly Tar & Chemical Corporation's St. Loufs-Park, 

Minnesota, N.P.L. Site. All community relations programs related to this work 

will be coordinated through the following agencies: 

United States Ms. Judy Beck 

United States Environmental Protection Agency 

(312) 353-1325 

State of Minnesota Mr. Ralph Pribble 

Minnesota Pollution Control Agency 

(612) 296-7792 

City of St. Louis Park Ms. Lynn Schwartz 

City of St. Louis Park 

(612) 924-2521 

Information necessary to conduct the Community Relations Plan will be provided 

by the City and Reilly Industries, Inc. 

R94/CommPlan 




